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Lord Viſcount Ten one of 


His Majeſty's per Secretaries ok 
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SIR. 


Tou, or Merit from Jou, it might in 
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ſumption ; but (although deſtitute Is; 3 
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dei Marhematicians, eſpecia 
Wen the Parhament has — pleas d to offer 
en A Rberal and plentiful Gratuity to him xhat 
ſhall firſt diſcover it: For the ſupplying of 
t which Want of an exact Method to find the 
- Longitude, I have, towards, the latter End of 
| - this. Treatiſe, ioſerteda very uſeful Method for 
finding the Longizude by the Sun, any Day at 


Noon, when the Sun can be ſeen : But to wave 


> this SubjeR, we find that Mathematical Studies 
Aid hitherto, and do yet admit of Improve- 
ment: For in former Times, when Mathemati- 
cal Sciences were in their Non- Age, and Miner. 
ln e Vie not grow in ſo many Eng liſh Gar- 
dens aSit dorh now, it was thought (and indeed 
Was) an extraordinary Attainmest in Trigono- 
metrical Operations, when the Antients found 
out the Way of applying Right Lines to Arches 
of Circles, which we call Sines, Tangents, And 
2 Secants, and could thereby perform their Tri. 
geonqmetrical Calculations, altho' with the vaſt 
95 5 Pouble of multiplying by 5, 6, 7, or 8 FH. 
ures, which took ap a large Quantity both op 
me and Room; but this Manner of Qperation 
was much facilitated by my Lord Magier s add 
rable Invention of Logarithms, with the low 
provement of Mr. Heu Brigg, the U ſe of which 
is now ſo common, that he would be thought 
but a ſlendet Mathematician, that knows no = 
Way ot Operation than by Multiphcation and 
Piſios, the Trouble whereof is now though 
= - intolerable; To this we may add the Inysgriog 
of Gamer's Scale, both long and ding, vp 
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© rude and Departure, wherein, by Inſpection 
es only, you may anſwer any Queſtion in any of | 


the ſix Caſes of Plain Sailing, and alſo find. ts 
Difference of Longitude; as is taught at large in 
this Treatiſe: But of all the Improvements that 
have been made, I never heard of any hat ever 
attained to a Method for ſolving all the Caſes in 
Trigonometry, and Praitical Navigation, vis. the | | 
Keeping of a Reckoning both in Butitude and + _ © 
Longitude, with ſufficient Rxactneſs, without 
any Tables, Books or Inſtruments, or any other 
elp, but only Pen and Ink or 4 Piece ß 
halk ; and this is what I have preſented to the 2 
ſorld in this Treatiſe, and which I take for 
granted was never Taught nor Printed before, \- 
zxcepting that Proportion by which I have 
vrought the ſixth Caſe of Plain Sailing by the ©? 
ew Method, which we find hinted at by Snefli» 
„ in his Cyclometria quoted by Mr, Collins, in 
ais Book entituPd, The Plain Scale new Plain dl, 
c. in the Title-Page of which Book he enu- 
| nerates amongſt the reſt of the Contents, I. 
ithmetical Navigation, or Navigation perfurns'd 
yy the Pen, if Tables were wanting, Ce-] at the © 1 
urſt Sight of which I thought my Deſign had 
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boden 1 all looking furchovalaes 1 
| mote is upon 2 Subject, (vs. il 
Wh cones: firſt: Book) 1 find he touchy 


;No-mOre es that Caſe, where thre 
Ses of n right-angled Triangle is given (or 
Dod) to find an Angle; but (in Fage 120) 
= ing of that Caſe of one Side, and two An: 

given, to find the other Sides, he ingenn. 
"Wis: Oö that it cannot be done without 3 
Table of Sines, and this is What I have laid 
dunn in this Treatiſe, viz. The Solution of all 
the otlienfive Caſes of Plain Sailing, or any o. 


Triangle, with as much (if not more) 
and Hanes as that is perform'd there, 
which encouraged me to proceed to the com- 
pleating of that new Method, which I xhought 
ſhould:only: have been the Sobject/ of ls Tres: 
tiſe, Vin firſt thouglit of appearingſin ns 
lick. But fuppoſing that thoſe who had learn 
the hole Art of Navigation, both Geometric 


5 5  Trigovomttrical, and Inſtrumental; as it is do 
monly taught in Schools, and practis'd at Sea, th 
would be diſcqurag'd from buying the Boch 
when they found nothing in it that they had:for b. 

| merly learnt! Thereſore, for the fake of ſuch > 
and to make/the/Boak-univerſally, uſeful, I res: 

_ {plvedito make-it a com TOE of Nair 
© qgation; as perſorm'd; N \65.4'4iÞ 3Y be 
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| Chords and equal Parts. m 
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2 Thirdly, The beſt Mechod for. Takiag and © 5 1 
lb. Working an Obſervation, contracted into ur 
n'd Caſes or Varieties, which anſwers all n 
the World, and all Times of the Lear. "A 
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chod ſo eaſy, that you may thereby find the 


ea, 

Time of High. Water at any known Port, n] 
by a Sight of the Moon, at any Time of hes 1 
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gure, in a0 indeed, to have been enact, 

the light Part of the Moon's: Body ſhould have oth | 
been determined by Ellipſis's, ang not by A. 
ches of Circles, as is evident 5 the Analem - 
ma, if we compare the Poſitiou of the Bye, win 
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1 with Reſj 2 to the, Orthographick Pro 

* ; NE jeQion ; - "9 


* : ' 
- | 2 


Ti 
3 


1 1 . wo} 4 7 * 
7. * = » To 8 1 — gol 
* Ck FLA "OV INI ere . "ra "_ * * N 
- | * ** c : a Y N * p 5 N - ** - : 
3 - * * : " * . ö . Ty 4 * 1 J. — 
">." £8; > 4 *, pt :, ” * 
32 + 4 - - 
7 9 v, . 5 „ 1 * * » o A Fo — f 
i. 95 4 4 : a 5 * bo * 8 1 
E | 10 . 
+ W, 7 * ; x by * 
, 122 - : oy ** 9 "1 4 : * 6 f p 2 , 
5 > but I have con w 
; 1 * : v5 * 1 
— - - 


_ my." X 
__ 4 = * 
| 2 3 I 9 ö * 
bk one 4 | e 
© / : == * P 
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(ce but ſmall) Attraction, when other more 
: ſubſtantial Reaſons there mentioned do concur; 
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thoſc circular Diviſions beexuſe they are eaſier 
perform'd, and ſerve as well, to illuftrate"thi 
5 for which they are projectec. 
And here by the Way, we may take Notict 
ts the Tides, 
though for ſome Reaſons omitted in its proper 
Place, vis. Whether the Moon in Perigeon, by i 
| Reaſon of her Nearneſs to the Earth, may not 
bave- a, greater attraQive Influence: upon the 
Water; as alſo whether a greater Congreſs of 
' Planets: about the Sun or Moon, at the New or 


Augmenting of the Tides, by contributing their 


and this Iam rather induced to believe, becauſe 
the Truth hereof has been confirm'd to us by an 
Inſtance within the Reach of our own Expert 
| ence; for at the New Moon in Septemben 1709 
there was ſuch a Confluence of Natural Cauſes 

of che Tide: For firſt, the Moon was then with 
the Sun. Secondly, it was the Lunation next 
afrer the Autumnal Equinox. Thirdly, The 
Moon was at or near her Perigeon. Fourthly, 
The three Planets Mars, Venus and Mercury, 
were all within leſs than 30 Degrees of the dun 
and Moon; yea fome within 15 Degrees, and 
Jupiter was within 35 Degrees of the Sun and 
Moon, and this Lunation was attended with 
 ſaukvexuberant Tides, that in the low Ground 
in Toykſhire, over-againſt Stoction, where rhe 
Tide never comes bub in very high Spriay Ti 
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ger Places it was proportionable, Which ſeems © 
confirm the Truth of this mote chan p. 
Conjecture, and render it worthy the M 
vation of the Ingenious. 09 1121Þ 2, 
Fifthly, How to make your” on Charm ſor 

| y Voyage ſeveral Ways. 1051 F EH WDF 
IL, The Application of the whole to the a- 
Wual Keeping of a Reckoning both in Latisude 
d Longitude, failing large, or upon a Wind; 
d how to make all proper Allowances for Lee. 
ay; Variation, &c. and how to correct your 
eckoning by an Obſervation, with Reaſons 
nd Demonſtrations of the different Ways of do- 
g it. One and the ſame Day's Work in the 
ournal, as well as one and the ſame one: 
lſewhere in the Book, being perform'd both by 
he common Method, and alſo by the New _ 
ethod, that the Reader may ſee the Truth 
and Certainty thereof. | 
With an Appendix, ſhewing how to project 
and anſwer the various Caſes and Queſtions re- 
lating to Currents, with other uſeful Queſtions, 
oncluding with an uſeful Method for finding or 
correcting the Longitude, without Help of the 
leaf Receningggg rr Ir onrrn, 
And although here are Ways propoſed for 
Anſwering all neceſſary Caſes: without Loga- 
rithms, Cc. yet to make the Book univerſally 
uſetul, and as much as can be to anſwer the 
End of all Buyers, as well the Learner at School, 
as the accompliſh'd Mathematician in his Tri- 
gonometrical Operations, we have added J 
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| Geometrical Problems. 85 
PR O B.L, From « Point given in the d, of + Line N 
to erect 4 Per ö — 
11H your Compaſſes open d at any Ex- | 


tent, and one Foot in the green * to 
make the ; | 
Marks b and c; then 
with any greater Ex- 
tent, and one Foot. 
in b, make an Arch, 
as at d, and with the 
ſame Extent, and one 
Foot in c, croſs the 
E i MS! 
rom the c ng o 7 2 — — 
the ſaid Trey to MCT oo Fo al; #1 C 


the Point 4, draw a. Line, it is the — | 
Quired, l 1 PROB, . 


| = : LY "Gt Problems, | "inp I 


ROB. U. From a Point iven chove 6 to ter 
7 ae cular. * fa 
With your Compaſſes 1d to any Extent (ard 
chat the neareſt Diſtance from the given Point to the 
given Line) and one Foot in the given Point A, ctoh 
the given Line in & and c; then with any Diſtance 
more than half the Dillance between band e, and 
ERP one Foot in b, 
- draw the Arch 
d, and with the 
| ſameExtent,and 
one Foot in c, 
croſs the faid 
Arch atd.; then 
lay a Scale from 
the Point 40 
the croſſing of 
the Arches at 4 
ſo dra the Line 
AE, which is 
the Perpendicu- 


De 


lar required. R 
PROB. III. How to raiſe Perpendicular ahn: vi K. T 
of a given Line. Fr 

wich your Compal 7 


ſes at any Extent, aol 
one Foot in the given 
Point A, make a Mark 
at any convenient Die 
| ſtance above the Lind 
as at ; then keoping 
one Foot in the Mark 


_ 


4 = - 


: . b, with the ſame Ex: 

; tent fcroſs the givel 
ef \ Line at c, and turning 

1 ; a Your Compallts: abouy 


2 — — — 
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Seck. 1. wa Problems: 


nake the Arch 4; then lay a' Scale from the croſſin 

vt r to the Mark at h, and make a Mark where it 
es the Arch 4; ſo a Line drawn from that mere. 
tion to the point Ais the Perpendjonlar required. 


>ROB. IV. How to let fall a Ent- Lia 
End of 4 given l 

of the ſaid Line. 
Draw a Line from the given. Poine tA 10 ee 
be given Line at any con- 1 = * FEES 
enient Diſtance, \as at ; 2 
hen divide the Line 4 
to two equal Parts at c ; 
d upon c, with the Ex- 
nt c A, or c, croſs the 
iven Line in 4:; then a 
ine drawn from the giv'n _ 
Point 4 to the Interſe&ion = * 

td, is the Perpendicular 5 b | "F 
-quired. 4 LN | 


ROB. V. — paalll arne, : 
any given Diſtance. PE 

Take in your Compaſſes the giyen Diſtance, and 
th one Foot in the given Line, tonne — E 
it, draw the two - — 
tle Arches a and d * 
2 Line drawn E 

dm the Extremity 1 We > * 
theſe Arches 5 $4 66 
Parallel required. | | 


ROB. VI. Tobring avy three Points: or (en lth „ 
« right Line) into the Circumference of a Circle. 
Suppoſe the three Points be A BC; firſt take more 
n half the Diſtance 4 B, ich one Foot in 4 


ep an Arch; chen wit _ Diftance, and 
one 


i Pd OR 0 RNS 
4 The Conſtrattion of the Sines, &c. Chap. 
one Foot in B, draw another Arch to. croſs the afors 
"Mid Arent in che Mw d and e; then with more than 
half the Diſtance B C, and 
one Foot in B, draw the 
Arch gb, and with the 
ſame Diſtance, and ons 
Foot in C, draw an Arch 
to croſs the aforeſaid Arch 
in the Points g and b; the 
„ draw the Lines vat an 
h. b, and where theſeLi ne! 
croſs, as at a, is the Centet 
of the Circle required. 


— 


898 —— — 8 * * — 6 
—_— 


F 
The Conftrattion of the Sines, &c. 


Very great Circle is (ſuppos'd to be) divided int 
360 equal Parts called Degrees, whereof tit 
half, or Semicircle contains 180 Degrees, and ti 
Quarter or Quadrant is 90 Degrees, and upon ont 
Quadrant is projected the Sines, Tangents, &c- 
The Radius is the Semidiameter of a Circle, 
on which the Projection is made; as 4 E, or 49 
or AS, is the Radius of the projected Diagram, ad 
ä commonly ſuppos d to contain roooo equal P- 
A Sine is a Perpendicular let fall from the oi 
Degree to the Baſe or Semidiameter of the Circle 
the Line g 30, is the Sine of 30 Degrees, and the li 
5 $80, is the Sine of 80 Degrees, &c. che Sine of 9 
Degrees! is equal to the Radius. . 
A Tangent, or Touch: line, is a Perpendicala 


reed upon the End of the Sande Ll ſo 


þ 


AK 
A 


0 . /av. a 3 72 
100. 2⁰ f | 
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a il 
* | 
_ — a 
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44 
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Abc d SM, 


1 * 


$31 | 3 N | * FS * 
to touch the Periphery of the Circle ; Thus the Line 
kr isa Tangent Line; The Tangent of any Degree 
s the Diſtance from the Beginning or Foot of the 
Tangent Ling to that Part -- it Where a A 

Tg 772 3 | _ 


17 


Qs £ 4 


6 . TheConflrattion of the Sine, &c, © Qnap 
tom the Center over the given Degree, cuts the 
angent Line: Thus the Part of the Tangent Line 
= Ep is the Tangent of 50 Degrees. The Tangent of 
4 is equal to the Radius. 
A Secant is a Line drawn from the Center through 
the given Degree till it interſect the Tangent Line 
Thus the Line 4 þ is the Secant of 0 Degrees. The 
Secants begin at the Radius, and proceed to Infinite 
The Secant of o Degrees being equal to the Radius. 
A Chord is the neareſt Diſtance in a ſtraight Line 
between any Quantity of Degrees; or from o De 
grees to the Degree whoſe Chord is required : Thu 
the Line S 90 is a Line of Chords, and the Diſtance 
S, zo upon that Line is the Chord of 30 Degrees, Cn 
The Chord oß 6O Degrees is equal to the Radius, and 
| hence it is, that the Chord of 60, commonly called 
the Sweep of 60, is generally taken in the Compaſſes 
to draw any Great Circle, or Arch of a Circle, who: 
Quantity in Degrees is to be meaſured. 
Ihe Sine-complement of any Arch, is the Sine df 
the Complement of that Arch to 90: Thus the Sine 
complement of 30 Degrees is the Sine of 60, and the 
- Sine-complement of 70 is the Sine of 20, &. And 
in the Diagram, the Line # 40 (equal to the Diſtance 
Af upon the Baſe) is the Sine Complement of 40 De 
, and fo in others. r.. + 7; 6 
. A verſed Sine is a Segment of the Baſe, contain" 
between the Sine of the Degree and the End of tix 
Baſe where the Tangent Line begins; thus the Sex 
ment of the Baſe e & is the verſed Sine of go, Cc. 
From this Projection is deduced the following 4 
{ om, for the Solution of all the Caſes in plain Trigon 
- metry; and which {if well underſtood) are the Ground 
of the whole Art of-Navigation, ſo far as it depend 
upon plain Triangles; and & ſol d by a Canon; whit 
Il ſhall ficſt ſhew in the following Caſes, and tha 
we - - proceed to ſhew how it may be done without. , 
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the ct. 2. Axiom in Trigonomttry. * _ 


"ANION 
In all right-angled plain Triangles, if one Side be 


The on lements, Tangents, or Secants, as is evident 
nit, rom the Diagram; for, 3 . 
us. WH Suppoſe in the Diagram the Triangle 4 p I, here 
Line ne Side 4 K is the Radius, and the Angle at 4 beiog 5x 
Deo Degrees, the Side p & is the Tangent of 50, anc 7 
Thu hc Hypotenuſe A p is the Secant of 50; and what. 


ance 
OMP coportion hath the Tangent of 50.to the Side E p, 
anl and the ſame Proportion hath the Secant of 5o to the 
alled ypotenuſe Ap. ä N 
alle Again, if you will make the Hypotenuſe a Radius; 
hoſe ind ſuppoſe the Angle at 4 be 40 Degrees; then in 


he Diagram it is repreſented by the Triangle Af 40, 
Ind then the Side F 40 is the Sine of the Angle at 4, 
ind the Side A f equal to IV 40 is the Sine-complement 


TA 


d the f che Angle at A; and then what Proportion the 

Au lypotenuſe hath to the Radius, the ſame Proportion 

tand vill the Side 40 f have to the Sine of 40, and the ſame 
> Do coportton will the Side 4 f have tothe Sine-com- 


plement of 40, &c. and from this Proportion proceeds 


ai he ſecond Axiom. „ 
deg⸗ AXIOM II. — = 3 
Gs E * ; | | 5 a ; A 54. 
p Ax In all plain Triangles the Sides are proportionabe 

gone the Sines of their oppoſite Angles,and the contra 
rouu in the Diagram in the Triangle abeve- mention d, 


| f 40, it is demonſtrated, As the Radius or Sine of 90 

d the Hypotenaſe, or Side oppoſite ; ſo is the Sine 

f 40 to the Side oppoſite to the Angle at A, GM. 
This Proportion commonly call'd, Oppoſite Sides, 

-PPoſite Angles, holds true alſo in oblique plain Tri- 

gles; only obſerve, That where you have an obtuſe) - 


». 


made the Radius, the other Sides will be Sines, Sine: 
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A 
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Proportion the Radius hath to the Side A &, the ſane = ;F 
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CE 


| 1 Y on 4 | * P dof : * > A; - 
jp * 4 , Was mY 7 
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Angle, viz, more than 90 Degrees, the Sine of ith 

found by ſubtracting the obtuſe Angle from 180 De, 
grees, the Sine of the Remainder is the Sine of the 
obtuſe Angle requir CCC6C6 6. 


In all Triangles, as the Sum of the Legs of ary 
Angle is to their Difference, ſo is the Tangent of hal 
the Sum of the other two Angles to the Tangent 
half their Difference; and therefore, RAG 
Men there are given two Sides, and an Angle in 
_ .  'Eluded, to find the other Angles, the Proportion is, 
A s s the Sum of the Sides to the Difference of -thi 
Sides, ſo the Tangent of half the Sum of the unknowy 
Angles to the Tangent of half their Difference, which 
halt Difference added to the half Sum, is the greate 


Angle, and ſubtracted leaves the leſſer 
AXIOM IV. 


In all Triangles, as the Baſe or greateſt Side, to 
the Sum of the other two Sides, ſo-che Difference d 
the Sides tothe Difference of the Segments of the Bal 
which Difference ſubtracted from the whole Baſe, the 
. Perpendicular falls in the Middle of the Remainder 
and ſo the oblique Triangle is reduc'd to two rigi 
angled ones, and may be wrought after the lam 
Manner. . 2 3 
By theſe Axioms are all the following Caſes of plait 
Triangles ſolved; in which obſerve, In right- angle 
Triangles, the two Sides including the right Au 
are called Legs or Sides, or ſometimes Baſe and Fea 


pendicular ; and the flope Line is called the H 
„ | 


; 
, 


F . A 
* Ny %Y- > ©," "ASA 
9 ee + 
5 , 4 f . I 5 * 
. 
ji © uo 


8 ser. . 2 15 1 
plain — 1 — 


am . 
WASEL Th# mae and we cots cole ing 752 
a given ( (onſet both) os Bris. 1 


Tote, all plain Triangl es the 3 . 
ho therefore 1 in al Al e ee 
Triangles, becauſe the right-angle is always 


7 
he Sum of the other —— Angles is alſo 903 
herefore ſubtra the acute Angle Sen from 905 be 
Remainder is the other acute Angle. — 


. Given Hypochenuſs AC 5 co | | 
The Angle at 4 —>—35* of, el 
Required the Leg 4B 2 
And che Le 5 Ge. 


I 
7 
| . 
| 
rel fs 
| 
/ . 
” E "= — 


5 Ia this, and al other Caſts, draw the he Bale 4Þ z 
at Pleaſure. -, 
2. With the Gard of of 60, aud one Foot n in Aſp | 

+ Vw 


the Arch 4 e, 


* 


\ | I Oo 7 al | 
\ od dc n * e * Y * 5 : 
I 2 RJ — * p — * * S 4 . « 
1 * * 4 
* : £ * * 


Pia Trigonometry rmerrical. Cay, 
„With the Chord of the given Angle 35, « 
vac Foot hes, with the ot! N roſs the Archat 
| 4. From 4 thfoug ph e dra the Line 4 AC, up 

ene thy tenuſe 555 w At C. 
5 From C let fall a Perpendicula ar upon the Lin 
Do 4 B, to cut it in B, and tis done. 

The Leg 45 meaſüred on the Tame vagal Pant 
from, which the Hypotenuſe was taken, _ will \ 
found to be 450; 5, vis: 450 and an half, 1 


en 


1 ee 11. eee th Sil nah; to 4 
8 A 3 , Hyporenuſe. -. 


Chen the Angle 433 4 
| J the Le 543. — — "0's; 
LID Requir@the e A 6. 


1. Draw A B dad... - 91 

2. With the Sweep of 60; and one Foot in _ draw 
the Arch de. K. 

2. With the Chord of the given Angle. and one 
- Foot in d, ou the given Angle 33* 45' from d tot 

4. From erect a Perpendicular B 45 


2 n 4 9 draw the Hypotenaſe 4 Fl | 
fs BC in c, and tis done. 


"The E H potenuſe AC meaſur'd on the 46 6 
198 Part wil be found to be 46. ofa 


5-34 44 


7 


2 are ame, 
188 b ny 


Ciren the wg 132 — 
the Leg 45 i +. BY 
Required the Leg B Gi 7 $4 01% 


is laid down as CaſeTV, ms | 
—4 ate eee | 
ill be found te ee tes 55 77 55 


ASE IV. Given the Hypaenſe and LE, 9 


Given, the Hypoten 40. 
1 the ic Rog ST IE | » 
Requir'd the Et 4. N 


1. Draw 4 B at Pleaſure. 

2. Upon 4 B en de Leg 449, 
O B. ö 
3. From B WR * a Perpendicular. | 
4. With the „ F ER Foot i in 4 


rols the Perpendicular B C in 1 76 
5- From the ſaid croſſiag 0 4 draw the Line C 4. 


6. With the Sweep of 60, and aue For ia 0 1 


he Arch de, and tis done. 


The Arch 4 2 meaſured on the Chiords zie 33 * 85 
7. the Angle requir d. - CASE 5 


from 4 


7 31 — 


Ps me, o I 


3 v. Given the Hypotemaſe ent 
other Leg. 


Given, che Hyporetuſe - AC. 540 
| Reguir' the Leg B Ci. 


be lay ing down of this ĩs the ms: the for ne 
© Hecauſe the ame Things are given ; and the 152 Bl 
meaſur d on the ſame equal Parts from whence the oli 
ven Parts were laid down, will be found to bs 100 


CAS E VI. The ar H doh 


Given, the Leg 43.— 4 
the Leg BC — — 300 


* 


1 Draw A B 449. 
2. Upon 3 erect the W B 0. | and 
ſet off 300 from B to C. - 
1 Draw the Hypotenuſe 4 C. 
4. Wich the Sweep of 60, and one Foot in A, dr 
"ah Arch de, and tis done. | 
The Arch de meaſur'd on the Cm ag) 
Wy the * requir d: 


1 


- Y a wy 


A, 4. bur En. CY 


ASE VIL The Logs given, ee, 


Given, the Leg 4 3— 449 57 
the Leg B C —— TINO i: e 


Required the Hypotenuſe 4 0. 


This is laid down as Caſe VI; and. the Worſe 
| © ITO the SSA * 


81 E C T. IV. a 
of Oblique Plain Triangles. - 
ASE I. Two Angles and a Sideoppofie to one of they 


given, to find the Side oppoſire s- 10 the other. 


— 


o - " : 
z ; ; = - 7 
r 4 


| the Angle at B 45 9 
the Side B C —zy 
a.” the Side AC. 


. 
9 


* 
. 


1. Draw A B at N 
2. With the Chord of 60, and one Foot in 2 (hs 
Angle next the given Side) draw the Arch d- 
3- Upon that Arch ſet off the Chord of ths given 
Angle 45 from d to e. bh; 


7. 


* RY" RR *, 
227 p 15 * a, C * 4 WS -- 8 * Wy Oy : 4 * > 


OF through d 5 Line 2 up 
= rom B ug! e draw . 
K 5 ren Side 290, from 2 to c. * 
| 5. The Angles A and #being given, the Angle C 
is alſo known, being the Complement. of the other 
two Angles to 180, and will be found to be 115%, and 
therefore with 60.of t > Chords. and one Foot in C 
fweep the Arch fx; upon'which ſer off 115 from f 
dog, ant through's w the Line CA to cut AY 
2, and tis done. 
| -- The Side C meaſured on the fame equal Part i 
410, the Side requir d. 
1 Note, When you have any Chord above 90 to ſet 
off, you muſt do it at twice, n ww. Chords go 
but to 90, Cr. 2-44 | 1819 i 


C ASE. II. Two Sides and an N ite to one 

thew given, to find the Side oppoſite to the other. 
* Side A B,——560 _ ö 

| the Side ae RS 

che Angle at B— 45, O 

| Require Angle at C. 


* 
8 I 
FO 


1. DAB 560. 155 
Make the Angle 1 and A Line yy 
2. With the Side 4 C 410, and one Foot in A, crols 
- the Line BCinC, and draw the Ling 4 G. and tis 
A AI 


*. 


Angle at C meaſur'd on the 9 te, ane ; 
he Ange at C required. * 5 


S T- A 


Note, This Caſe is amdiguous, and will Ek of - E 
o Anſwers; ſo that it is neceſſary that it beknown 
hether the Angle at C: be acute (that is, leſs than 
)) or obtuſe (iat ; mote than 90) for if it be ob- 
ſe, the Angle ma the Angle requir d; but 
acute, the Angle at Ois it"; fot the Side ACA ta- 
1 in the Compaſſes, and one Foot in A, it will. 
ſs the Line & C {Cohtinysd): boch in C and 05 8 


ASE UI. Given a: in Caſe I, ts fud the third ide: 


The laying down i is the ſame as in Caſe Il, Vecauſe 
e ſame Things are given; and the Side B © meaſur d N 


2 it che Angle be dre or 
dz if it be acute. 


IÞ | 120 : 413" 11. 


AS E IV. Two dan and ies ker, 
to find eith Yo ether eAngles.. 


Given ide ACh —41o e 
the Þ oh A —— — of 8 


4 = 
"x * 
* my E 
"4 


1. Draw AB rio roaſts. ART 
2. Make the Angle Azo® o. Me aa ct 
3- Draw A C 410 from A to . 

4. From C to B draw the Side C B, and "is * 


The An l B meaſurd on the Chords is 4 K 
, ' "CASB 


wy dur Trigoomatry de Qua, 
cs v Given, tw Sides, a the Ae 
- them, 10 find the third Side. . 


. Girenghe Side AC——qz0 N 
TBS 5; r "pa 4 5 + 
1 2 E 8 the he's | 9” s 5 (yay =, con 20 


ns RL, ov 7-3] and the Side 3 ms aſun 
& 290. 


CASE VL APR fol nn 
Siren, the Side ABg60  _._ — 

A. - +. AMA IC0. 2 
the Side BC 290 0 * 
+ Requird W e m7 


1. Draw AB 68 hom 4 to B: 
2. Take the Side 4 C 410 in your Compaſſes, a 
with one Foot in 4 "Bak, an Arch at C. 
Wich the Side BC 290 in your Compaſſes, I 
one Foot in B, croſs the ſaid Arch at C/ 
. From the crofling of the ſaid Arches to An 
B, draw C A and C 35 and tis done. 


The Angle at Ae on the n is 30's 
c. 
; \ Sxer 


Flas Sailing Geomerrc K 4 48 : 
Pris down all "he Caſes of Plain Sala 

Travei Mercator, e. ;ohſery e to make Pp 
Top of the Book or Slate North, and the Bottom 
Sou the right Hand Ns bom, the left Hand 

* ö 

Obſerve, that in the Application of ri Seen 
gl, Triangles to Queſtions of Plain Sailin . 
is always the Angie of the Baſe ; The ance ths hs 
Hypotenuſe: The Difference of Latitude is the 
North and Souti Ling; and n the 
Eaſt and Weſt Line of che Triangle. 2 „ 
Thus, 1 in the 4Triangles below, No r, 
ourſe in the N. E. Quarter; Ne 2, a Courſe in the 
8. E. Quarter; Ne 3, a Courſo in the 8. W. par 
er; No 4, a Courſe in the N. W. 


-xch of theſe T riangles the Point 4 — Fon ths 
Place ſail'd from, and the Point C the Place ſaiłd to: 
and the Angle at A is the Courſe,” the Angle at C 


porenuſe 


40 the Di- 


its Complement, the. Hy 


N Wen nne 


1 


1 


* 
2 


* * 
82. v. 5 $6} og 4 
4 : "> - 
0 hel ** "W- * Men 
7 A. "PE 1 5 i 


ance, the Leg (£7 ce Diſcs of Landes | 


| « : ets” SES "© 
3 4 ? * 6 Plain Sailing Ge "Chap. 1. 


cer 1 . and Bite tions, to b 
$3 72 rence of Latitude and Departure. 
F A Sbip fails S. W. by 8. 540 Miles, I demand Dif: 
3 erence of Latitude and Departure 
Wh ET n this and all ate 


„ of Plain 8 
rien Caſes of Plain Sailing, 
* F 

8 * 
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A Shir ſails S. We by S. all Her Difference of 1 
debe 449, 1 demandher: Diſtance and Depart: 


* 1. Make AB the Different 
of Latitude 449, from A to 
28. Upon B-ere& the Pal 
5 pendicalar B Cat Pleaſure: 
3- Set off the Courſe 330% 
r raw the Hypotenule 4 | 
L Th Ditans: and * 2 
E.Dittance A 
—.— the Departure 3 C meaſure 
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of the Courſe 330 4 
Iraw the Hypotenuſe 
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4. From the croſ- 


ng at C let fall the 
perpendicular C B, 
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get "of bias sal, Gun. 


CASE III. Cloſe and FER Br? fo the Dis + 0 
 fatice an Difference of Latitude. wy +4 8 


A Ship ſails N. E. by N. till her Departure 2 "OF | 
Miles her Diſtance and Difference of Lady] is te- 


I. Draw, 4 'B ar ba 


2. At the Dillince . 
zoo the Departure gi- 
ea, draw the parallel 23 2 


Wich the Aude 0 | 


to cut the Paral- 5 05 


o cut A Bin N, and We . 
Another Way to lay i it + rel] 
1. Draw # B at Pleaſure. 4 
2. Upon the North End thereof r BH 
ails to the Northward) erect the Perpendicular BC, 
pon which ſet off the Departu 3 
3. Make the Angle at C 562 15“ the Complement | 
f the Courſe, and draw the yen: CA, to | 
ut A in A, and tis done. ( | | 
The Diſtance A Cis 540. . 
The Dit of Latitude 4 B i Is my 


ance and Difference of Latindeg toe, | 

| to pro Courſe and N ö 
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N 17 5 | FD; 1. Make the Difference d 
AX LlͤSLatitude 4 B 440 from At 
B, and upon erect the Per. 
pendicular B C. 
2. Take the Diſtance in 
vou Compaſſes, and wit 
one Foot in A croſs the Per 
pendicular'B'C in C. 
130 From the eli 00 
Ae 
| 4- With the Chord of 8 
c make the Arch 25 and U 
done. 
The Arch 1, e meaſur d on the Rumbs i is 3 Pola at 
or on the Chords is 33* 47 . 
The Departure 8 C is 300. | { 
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= | Dias Difference of 1 | . 


A Ship ſails between the N. and W. 540 Miles, | e 
Departure is 300; e her Coach and Dit 
_ "RY rence of Latitude; _ 
2 yn 55 . Dax A B at Pleaſun 
3 Fa, 5 h 2. At B.ere& the Per 
: dicular B C and fer off th 
8 De 350 from B to 
| _... 3. Wich the Diſtance 5 
in your Compaſſes, and or 
Foot in C, croſs the Line 6 
; aſt 
4. From C to the Croll 
at Adraw AC. 
FJ. With the Chord ofi 0 
an one Foot in A, make d 
A Arch de, and tis done. | 
A the Difference of Latitude is 449; and b 
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0 27 5 ven, to find the Conrſe and Diſtance. R 

* A Ship ſails in the S. W. Quarter till her Dine 

ee Lacicude be 449, and her N 3995 har” 

Per ourſe and Diſtance is required, 512 1 a 


I, Draw the Difference of. 

atitude 4 B 449 from A to B. 

2. Upon B erect the Perpen- 

cular B C, upon which ſer off 

c e Deparrure zoo, from to C. 
3. From A to C draw the 
potenuſe 4 M.. 

h With the Chord of 60 | 

ake the Arch 4 e, and tis 

We.. 

The Diſtance 4c is 540, 
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d; ei ** . e 7 9 13 


SECT. VE: 1 3% 
Traverſe Sail ing Geometrical, 775 N a \ 


Raverſe Sailing i is of Uſe, when 2 Ship hang = 
ſer Sail from one Port intending for another, 
oſe Courſe and Diſtance from the Port ſail'd nds, * 

given or known ; but by reafon of contrary Winds, 

other Accident, is forced to fail upon ſeveral; 
durſes, which are required to be brought into ons. - N 
purſe, to know thereby (after ſo many vari . 1 
rings and Windings) the true Courſe and * 
Ice made good from the Place faild from, 2 E 
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22 Traverſe Sailing Grometrital. Chap. 1. 
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© the true Point or Place where the Ship is, that ſo 

| - +» (the Wind coming fair) it may be known how to 

f .\ ſhape a Courſe for the Place intended: and this 
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be perform'd Geometrically two Ways, both Which! 
_— fhallbriefly lay dow / \ 
through the Extremity of every Courſe, parallel to 

\.. - the firſt Meridian, or North and South Line, that 
Fou make at the firſt, and ſo ſer off every Courſe with 
a a Sweep of 60, as if it was a Queſtion in Plain Sai 
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upon that Courſe, and ſo you have the Courſe, Di 
very Courſe; and this Method is very uſeful when 
terſecting one another. But if your Courſes frequent 


. Memory of young Learners, I ſhall not fo much 
name them; but ſhalllay down one Rule which is 


| Tourſe laſt laid down, for that is the Point for la 


- aboveſaid Rule, and through that draw the Lins i 
dhe next Courſe, Ce. I ſhall explain both Ways! 
Pxample; and firſ t. 
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which is the chief Subject of Traverſe Sailing, may 


The firſt is perform'd by drawing new Meridians 


ing. You may alſo let fall Perpendiculars to every 
new Meridian from the Point that the Ship ſail'd d 


ſtance, Difference of Latitude and Departure, to e 


the Courfes tend generally all one Way, without in 


ly croſs one another, tis beſt to lay them down with 
out new Meridians, viz. to ſet off one Courſe by 
nother ; for which Mr. A4:kinſon in his Epitomy fai 
down 4 Rules; but they being ſo burthenſom tot 


niverſally uſeful in all Caſes, and eaſily remembret 
and tis this. n 1 

Obſerve how many Points are between the Poi 
next to be laid down, and the Point oppoſite tot 


ibg down; therefore with the Chord of 60, and of 
Foot in the Point the Ship is laſt come to, deſcril 
an Arch; upon which ſer off the Points found by ti 


i 


a 4 of * 4 d * 2 * 2 
” , 
* if * * ane . \ 


0 a ; * 2 Nr 
SQ, 6 of | Tſe 
of | S * 


| 0 * 2 
: * * 


to d oer wer” 4 
chi A Ship o bontdifor a Pore dg 120 Miles NB E. 
may ails S. of E. zo Miles, chen N. E. by N. 40, . 

by N. 25, then N. N. E. 44; I demand Courſe and 


Diſtance made good, and 3 aiſo the Courſe 
znce to the Port bound for. | 
Firſt, draw the Line K H at Pleite for 1 REPS 
Jian, or North and South Line; and therein aſſume 
Point, as at A, for the Port fail'd from; then with 60 
pf the Chords, and one Foot in A, draw the Arch 
Ln, upon W which ſer off two Points, (becauſe the 
2urſe is S. S. E.) from L to m, and draw the Line 
n, upon which ſet off the Diſtance 30, from A to 
B, then is your Ship at B; then let fall —— Perpendi- 


ude, and BK 115 ', the Departure for the firſt 
ourſe Then for the ſecond Courſe with the 
Diſtance K B draw the Parallel B N, and thereby, 
ith the Chord of 60, as before, ſet off the ſecond 
ourſe and Diſtance, N. E. by N. 40, from B to C, 
nd let fall the Perpendicular C L, then is your Ship | 
it C, the Difference of Latitude upon that 

5 3 332.3: and the Departure C L 22:22 "The en 
proceed in the fame manner for. the third Courſe; 


D, and draw the Line D p, from which ſet off the laſt 
ourſe, N. N. E. 44 then i is your Ship at E. Nou 
eeing the Ship came — A, and is now at E, the 
ine 4 E meaſured on the ſame equal Parts, upan 
hich all the other Diſtances were taken, will be 


he Rumbs is 5 Points,-viz.- N. E. by E. ſo that the 
dhip is now 91 Miles, N. E. by . from ede 9 85 
ail'd from. 

Now to find her Courſe and n e to the Port 
ound for, on off 4 half W upon © Arch = 
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ith the Parallel CO, ſet off E. by N. 25, from C to 


oundto be 9x Miles, and the Arch R See bw 
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bonn to 8, and from A thro*Sdraw the Line 4 SE; 
pon Which ſet off 120 (the Diſtance from the Port 
Gita from to the Port bound for) from 4 to FE, then 
15 F the Port bound for; now the Port bound for, be- 
1 . 25 and N ETD being but at E, therefore the 


* » t bt ©; des. 284 
0 91 * 
„ * ty \ * x | 


4 n Rene 2 
| "IP 


& LA 


. 
— 


4 —— 
1 


> & I E 
2 —— — 


* 


* 


* 


Ms, 
—_ 
* 
oy 


vob») 


x5 N 
= 
jo) 


* 
- * , 
— eo 
. 
* 
2 


- 


, 


\ 


+» 
\ 


, ©. 7 0 5 — * us 
— : ! 4 * o . . 4 
% * p : 
9 . . $} 
. , > +4+a6 
; - . Ba * ＋ 4 Cs — 
5 +» * | 9 #.% * 
* 
9 " - ad * 2 * 1 
©, . 6 2 - * . 
= * - 
FLAY l "Me , 
6“ FM , . 9 y 1 
* a * . o 


= has n 2 1 © 


4 * 2 12 | * 1 2 


Li. ne E F. makfand on the ſame equal k Parts. that the 
reſt was taken from, will be found to be 3x, and th 
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zect. 6: * "Traverſe G LADS * A. 2 39 
uch TV meaſured on the Chords d 15 tagt M. B 
y N. ſomewhat Eafterly, cen 7 eth hy iE 
Ee 83 . yrs 5 4 94 Enes 27 So 21110 n 10 E520 v7 ; 
How to lay down @ Traverſe without New Meri diam 
Firſt, Draw a North and South Line, as in the foren 
ner, as the Line R A; in which aſſume à Point, 2 
t A, for the Port ail d from; then from A ſer of 
he firſt Courſe and Diſtance, vix. N. N. W. 68. fromm 
to B; then for the ſcond Courſo, with the Chord 
df 60, and one Foot in B, draw the Arch T , upon 
hich, for ſetting off the next Courſe S. S. W. 7 
dbſerve the Rule at the Beginning of. Traverſe Sail- 

g Geometrical, viz. Take the Number of Points 
between the Point oppoſite, to the laſt Courſe ſail'd 
ind the Point you are next tc ſail. The Raon k 
his Rule is this: If from A td B your Courſe be . 
W. then back from B to A muſt needs be &. S. E. 
the oppoſite Point) and then if you were to = 1 
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E. it muſt be one Point to the Southward of that S8. E. | 
ine; if South it is two Points, and conſequently” 4 
ay next Courſe being S. S. W. I ſet off 4 Points fr mm 
7 to V, and through W draw: the Line"B'E;-which is 
a 8. S. W. Line, upon which ſer off 50 Miles, from 
3 to C, and then is your Ship at C: Then for the third l 
durſe, if from B to C be S. W. chen from C to ; is 
N. N. E. but my next Courſe being Ehalf N. the Points 
detween N. N. E. and E. N. are 5 Points and an half; © 
therefore, with the Chord of 6g, and one Foot in 
, draw the Arch æ y, upon which ſet off 5 Points 
and an half, from x to y, and through y dra the Line 
C D, upon which ſet off 90 Miles, from C to B, then 
your Ship at D; after the ſame Manner lay down 
all the reſt, as D E W. N. W. half N. 703 then E. F. 
South 25 ; then FG, E. half S. 45; then laſtly, G R 
South 30, which is the laſt Courſe: Then your 
Ship being at H, and the Port (ail'd from at A the 
Line 4 H 28 Miles is the Diſtance made ank 
che Angle at 4 is four Points, viz. S. E. hat tg 
Fort intended for being S. W. 55. I ſer it off from 1 
| | | ' iko. | 
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dut the Ship 
Miles is the Diſtance from the Ship to the Port 
for, and the Courſe is found by meaſuring the * 
252.5 or W. S. W. more than 2 Weſt 
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. Nueſtim. A Ship at A bound for a Port at K, 
wich dears 8. W. from A diſtant 55 Leagues, bud 
== meeting with contrary Winds, ſhe ſails N. N. W. 68 
| 4 *\ «x7 | CP Leagus 
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eagues, then 8.S. W. 40-Ledgnes; them E- haf . ©» 
1gues, then W. N. W. half N. 7 Leagues; then s. 
5 Leagues, ctieg E. half S. 4% Leagues then South” — > 
o Leagues; I demand Courſe and Diſt ace made 
ood, and Courſe and Diftauce to: tte Pert bunt 


ow to tranſcribe a Traverſe, or any othes-right-lined F. > 
gure, from the Slate to @ Book, fins eo Book to - 
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ks, as at K 


In the firſt Line & M make 2 or 3 9 


and M; then in the Book in which y 
t down, draw alſo the ſame Line, and tab the Di- 
ance R A, and ſet from R to. & in the new Hraught; 
likewiſe ſet the Diſtance A from to ben 
or laying down the Courſes; as firſt, from A to B, 
ich the Diſtatice 4 B inthe old Draught, and one 
Foot in A in the new Draught, make an Arch at B; 
hen with the Diſtance HB in the old Draught, and - 
dne Foot iti A, in the new Draught, croſs the for- 
mer Arch at B then from 4, and the crofling dt A 
theſe Arches, draw-the Line 4'B ; then, forthe Line 

B C, with the Diſtance R C, and one Foot in Rx, 
draw a ſmall Arch, and wit the Diſtance B C, and | 
one Foot in B, (or with the Diftance i c, and one 
Foot in M) draw an Arch to croſsthe former in C, 
then from B eo that croſſing draw the Line B C, and | 
ſd in the reſt of the Courſes.” And note, you nee 
not regard what two Points you take in the old 4 
Draught for the fixed Point of your Compaſſes, pro- 
vided you take the fame Pointꝭ in the new Draught, 
only obſerve to take two Points, ſo as that the Arch- | 
es may fairly croſs one another; or elſe you cannoe _ 
ſo well find the Point of Interſection; as ſuppoſing \ _ .,. ? 
you would find the Point B, if you take the Diſtance 
AB, and ſer from A to B, and make an Arch; and. 
then if you take the Diſtance R B, and ſet from Rt o 
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Ercators Sai 


1 cub 5 


N Triangle, as 
ie hath two Perpendiculars, cer 


the De 


rtureas'in Plain e ace I 


erence of Lopgitude.” LES 


'7 cat] Bit $2 KL; 194 {> $55 249 of 7 A EN 
> Thus in the Tri- ne — e 
55 angle annexed; a Bl 2 2900 1 6's 
eepreſents che Flane 27 1 
1 ald from; the An- 
ale at A is the 
i Courſe,and the Side 
(05 {B is the 
Lifference © Lati- 
; rude, and B C the 


Departure, as in =o 274 
Plain Sailing; -The *- |< - 
hole Baſe 4 D is | 
he Meridional Di. 5 
r. of Latitude, 
and the Perpendicu- | 
lar D E Al Diffe- . 5 
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rence of Longitude; and being the Ando at 4; „ 
common to both Triangles, ABC, and ADE, there- 
fore the Baſe A Bis in Proportion to the Perpendicu- 
ar B C, as the whole Baſe 4 D is to the N 5 
lar D E: And hence comes the Proportion; as pro- 4 
ver Difference of Latitude to meredional Difference _ 1 


of Latitude, ſo is the Departure to the n k 
Longitude. 1 109 6. Prop. 55 _ 
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N 's 1 20 * Merrator' Sailing G 4 7 Chap. 1 
=. The Meridian Line, with the Scale of equal Pr 
nnext to it, upon ak are of Uſe for laying 
don Queſtions in Mercator's Sailing; they ar 
=. the two loweſt Lines upon the Scale, the Meredi 
an Line -marked'(Merid:) and the equat Parts mat 
ked [¶Eq. P.] the ener the Meridian Ling 
Aneresſas, and the Degrees of Latitude grow bigger 
_ -  nearthe-Foles the Niſtanoę and proper Difference 
„Latitude may be taken off the equal Parts, and <& 
meridional Difference: of Latitude off the Meridia 
Line, if the Queſtion ba ſo large as to permit it. 
vertheleſs, in ſmall Queſtions, and ſhort Diſtanc 
Where the Diſtance between the two Latitudes undi 
wee Meridian Line is too little, to make a hand ie 
of Latitude, by the Table of mexidional Parts, a 
ſio take both it and the proper Difference of Lacityd 
with the Departure, Diſtance, and Difference 
Longitude, off any equal Parts thatyou chink will h 

© Þroportionable' to the Volumes that you would han 
vour Queſtion to contain; only take Care; that fte 
wuhatſoever equal Parts you take the given Sides, yd 
muſt meaſure the requir d Sides (when found) upd 
the ſame equal Parts. I ſhall i & in both Way 
in the following Example. 
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A Ship in Latitude 50% North, fails N. fa 
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ifs rence of . dg - ny « 
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2. At an Ns of 2 WT EE AC 3 

po which from th oil arts ſer of the Diſtance | 
7, from A to C. 

Let fall che PerpendicuharC b. | 

4. Meaſure 4 B the Difference of Latitude 820 

in. or 13 400. which added to Lat. 50, gires the 

atitude come to, 63% l 
Extend the Com- 

& es upon the Meridian E 

ine from 50 to 63 40 

nd ſer that Extent upon 

> Line A D, fromm A to 

D; then is D159, the 8 0 

neridional Difference of 

atitude.” — 

6. From D re this. 

erpendicular D E, ro e xn! 

enn AONED , 

Then is 1 B 820 min. * AO 

rr 13 40! the Difference” © 

ff Latitude, which ad- 

led to the Latitude fail'd 

rom (becauſe- the Ship © 

ails to the Northward) produces 639 4d. the La. 

ude come to. 

DE 1017 is the Difference of Longitude required. 
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* een 2 Sel Grower, Clap 


CAS E II. Bab Lgritade and car . to 
"ut; 125 on * Difference of Longitude. "fl 


75 6 North, ſails N. 8-2. in 

as abo ye: 

. 1 the Compailes on 
* Meridian Line from Lat. / 56* 2 

to Lat. 685 300. audi ſet that Ext 

b 103 WE 7 7008 Line A D, from Ai to D, 

HI n 2, Dake: 735: (che proper Di 

| ence of Latitude in meme 


4. 1 3 r 
lars I C and DE, and tis done, 
Ihen is AC 785 the Diſtagg 
/ and D E 666 is the Dünen 
N Longituſle required. 
an, Note, Upon the equal 
under the Meridian Line, every Degree being b 
nutes or Miles, every 10 Degrees is 600 Miles; at 
fo for 660, let one Foot in: 40, the other e 
one whole Diviſion beyond the Cypher towards tl 
Wee Hand i bs 660, and 2 nen is Wos Ong 4 
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X 7. Heide Sling Giri, „ 
A8 E III. One Lot, Corſe; dad Di 


firms 


Longitude given, ts find th other Latitude ond Difance.” - 


A Ship in Lat. Fo fails N. N. w ein her Difſeretica * 
f Longitude be 7 Deg. ene N 


1. Draw ABD at pleaſure. · 

2. At an Angle of 229 w - 
Iraw the Hypotenuſe AC oo 
inued. 

1. At the Diſtance of 420 
the Difference of Lodge)” - 
Iraw the Line £6 Parallel to 


D. 

4. From the Point where that 
arallel inerſeds the Hypote- 
uſe, as at E, let fall the Per- SE 
endicular ED. . = 
5. With the Extent A D, and 
ne Foot in the given Latitude E IoyYA 
0 upon the Meridian Ling, © 
xrend the other upward, be- | 
zuſe the Ship fails to che Northward, and the 1. 
oot will light upon 5949 the Latitude come to. 
6. Wich the N Bifference of Latitude 580 
off the eq e one Foe i, . 
Wine B in the 4 Seo $ aaa bt: | 
7. At D ere&the Perpendicular BC, and tis done; 
Then is 4 B 580 the proper Difference of Lati- 
de, which reduced into Degrees and Minutes, is 
40, which added to the Latitude ſailed from, viz; 
o oo, the Sum 59 400 is wn =" n 
ad AC 628 i the 6 


: * me 
e 
- | 8 


2 


A 1 * ' | 5 0 
8 above. | 1 8 * 5 5 | 


" Ar Sailing ear 


l I i SE Iv; - Both Latitude and 8 1 
= 0 l Courſe, «nd Difference of Longitude. 


4 S i in Latitude go North, fails: 1 Mit 
Ar bg by Obſervation in Lat. 13% 10. 1 40 
mand as aboy 
. Queſtion being larger r than che Rook can con 
veniently contain, if taken off the Meridian Lite, 
I I fhall take it off x Scale of leſſer equal Parts, and 
fliad er LE RT of n * _ 7008 


wa. ? 


' i + Ain Sing a \ which bet of 105 600% 
Difference of Latitude 2208 from Ato , and thi 
r Difference of Latitude 2676, from 4 
to 
f 6 At Band D erect the PerpendicularsB C. 1 
3. With the Diſtancs . 3505, and one Foot in 4 
_ the other croſs the Perpendicular BCin C. 
4. Draw AC continued to E, and tis done. 
The Angle BAC meaſured on the Chords is 5o®s 2 
the Difference of Longitude DE 5 is 
3 — of Longitude Ou G48! 
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wy. Mercer! — ae. 


| ASE v. en 
0 © Comſe, De and Di ference of [em 


A Ship in Latitude 55 North ſails in ts Mile 
Eaſt Quarter into Latitude 56?, 10 North, her De- 
parture 50 Miles, 1 demand as abore. 

This and all the following Queſtions in Mercator's 
Sailing Geometrical are too ſhort Diſtances co be taken 
off the Meridian Line, 1 ſhall therefore Project them. 
from larger equal Parts. 

5 the Line ABD, ym, | | 
Wa which ſet off the pro- a| 
per Difference of Latitude 
o from Ato B, and the 
Meridional Diffetence of 
Latitude 124 from A to D. 

2. From ** Points B and 
D erect the Perpeadiculars J J 

BCandDE, 

3. Upon BC ſer off the 

Departure 50 from J to C. 
4. Thro⸗ the Point Cdraw 
he Line AC, continued ti il! 

cut the perpendicular DE in E. and tis done. 

Then the Angle at 4 meaſured on the Chords, is 

32 for the Cour̃ſe, which is N. E. by N. ſome - 

ing Eaſterly, and the Hypotenuſe A C 86 is the 

diſtance, and the Perpendicular lar DE 89 it Dilfe- 
ice of Longitude required. 

ASE V. Bath Latitudes and Differenceef 2 

given, to find tbe ret. | 
Suppoſe 2 places, one in Latitude 56 15% Ad and the 

her in Latitude 58˙ 35 their Difference of 1 

de 2 3003 I demand the Courſe from the Sourher- 

* to the Norramoſt, and alſo their Diſtance, 


Da "If * x pow. 


E 


0 : CY | | ; 4 4 > wm * = WT 1 a N 1 ; 4 
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R 0 Hog s Sailing POPE cans 
1 I. Upon the Line 
E ABD ſet off the proper” 
Diff. Lat. and Merid. 

Diff. Lat. to B and D, 
and there erett Perpen- 
rl diculars, as in Caſt whe 

8 Fifth. f 


i E ſet of 
be fe 
tude x50 from D to E. 


3. From A to E draw 
the Hypotenuſe ACE 
to cut ; & in C. Then is 
2c 80 the Vieparturd; the Angle at 4 29 f 5 

che Courſe, and AC 161 is the Diſtance. | 

Note, The Figure placed between B and D @ 
here is 260) is the Meridional Difference of n 
repreſented by the whole Line A P. 


| CASE VII. One Latirdde, Courſe Jad Pn 
da, to find the other Latitade, ere and Dif. 

. Longitude, 

A Ship in Latitude 58* oo! North fails 8.8. W. : W. 
1 till her Departure be 6 Mile or Minutes ; I dh 

mg mand as above. 


1. Draw ABD at plex 
ſur Co 
2. Aran An e of 28%" 

tlie given Courſe, draw FL8 
continued. PN 
"$608 60 VDiſtarice oft 
A 3 D draw the Parallel e 
and where it cuts A C E, % 
in C, let fall the Perpendi 
cular . 

4. Then is AB the pre 

er Differen:: of Latitude 

y which you may find t 

W Courſe, 150 a 


bs 8. 2 
. 
Cl 


n o 
lt. 7. 7. 5 Meer lag ee 898 4 
the Meridional Difference of Latitude, pores (found. 


as directed in Mereator"s Sailing Tripons metrical, Caſe 
the firſt) is 206, which ſet from A4 to TY 
5.' Raiſe the Perpendicular D E to cut ACE in E, 
and” tis done. 
The Latitude cams to ĩs 1 8, the Di Long PE, 


CASE vm. "Oe Lavitade a 1 7 
pe to — the uber Tens TS. _ Dies , 


A Ship 1 CAR he 888 1.99 
ind W oft 127 Miles, her Departure 604, TIdemand 


he reſt. \ 
Seethe Figure i in Caſe the ſeventh. | | 

1. Draw AB P at pleaſure. - | 

2. At 60 (the Departure) Diſtance from, AB D, 


aa che Parallel eg. 
e'gi 3. With the Diſtance 127, and one Foot in 4 croſs 
he ſaid Parallel in C 5 


4. Let fall che Perpendicular CBt to cut 43D in 
B ; " thin is A B the proper Diff. Latitude, by which 
nd the Meridional Difference of Latitude, as in 
iſe VII. which ſet. from A to P, and raiſe the 
Perpendicular DOE. 

5- From A through che Crofling at c, draw ACE, 
o cut DE in E, and tis done. 
The 2 come to is 56*8', the Angle 4 the 
Durie 289 | , 
The W 8 of Longitude D 51 is 110. & 


FF * 


e 
| Parallel Sailing Geometri 4. 


«+ 1 


43 ERE: are wag wo Lays not N and intel; 
ligible for laying down Parallel Sailing; * 
one called Bell-faſhion ; the other Plain Trian le. 
In the firft of theſe it is laid down by a igurs 
ſomewhat like a Bell, rom 
2 x — whence I ſuppoſe. it takes its 
Name. In this Figure the 
two Sides 4 D and 4 E are 
equal (viz. equal to the Ra. 
dis ox Sine of 90; or if you 
| think the Projection will be 
X too ſmall Wee make them 
twice the provided 


vou alſo take all . other 
double alſo) and. then the 


Line 3 C repreſents their 
true - Diſtance in che. Paral: 


1 and. DE re > their Diſtance in che Equi. 


noctial, or Difference of Longitude.” * 
The other Way is by Plain Triangle, / in which 
-2 of the Angles are equal 


to the Complement of the 
Latitude in mics their 
© Diſtance is requi be. bite 
1 haraſs; " Theie- Di 
rence of Longitude, -or 
Diſtance in the Equind- 
Ciial, be given or r 
red, che Triangle i is x ud 
angled, as in the Margin; 
and there the Angle at 4 


. equal to the Complenea of Latitude, the Per- 


* 


/ 


b 
eier Sig Gee 


0.6 


— AC, che eker 


becauſe the Com 
itude oo ST viz. under the bee h is chan 10 


| le at A re- A111. 
preſents the 

8 plement „e 3 
pf one Latitude, and ; its oppoſite Side BC their Di 
ance in that Parallel; and the Angle at B is equal 
o the Complement of the other Latitude, and its op- 
— _ AC repr ach ng 28 in ily) * ws 
allel, ſuppoſing ps always under 2 
ame Meridian; and this * Wk Tn is uſe- 
| only in the two laſt Caſ 


ASE I. To wa Ships 6 on 7 5 in one Paal, 150 3 
Latitude and er given, to Tu their” Differea 4 3 
Lgitude. | 257 


To Ships in Lat. ze, diſtant 76 Miles ; 1 de- 3 
and as above. + 
Bell-faſhion. | ry 


8. L. F SNS ESS K 


1. With the Sine of 90 (or 
hord of 60) and one Foot in 4, 
eep the Arch DE. 

2. With the Sine fine Bae 
ement of Latitude) and one Foot. ; 
A, ſweep the Arch B C. 88 87 
3. Take the Diſtance 76 from 
y equal Parts, and ſet from B to 
| and draw the Line 4 E through 
ie Point C, to cut the Arch DE 


E, and draw er 
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pie Slag e 0 Chapt 
2 „ de 30 N 8 


de-de by pin gag, 
| 1 I. Draw che rin 
1 "fp ERAS. 4 wopleal ure. 


ment of Lackude, draw 
the Hypotenuſe 40 
_ continued. 7+ 

* 3. Draw the Paral: 
A B 1a? log iſt om hg 


4. Where PE Parallel inecrſocts the Hyp Potenuſt 

4, as in the Point C, er fall the Perpendicular C1 

to cut 4B in B, and tis done. 8 
ai and AC x18 the Di 


ference of Longitude. i | 


. SE II. Latituds and D erence Loghndegh 
7 a vals auth 5 


Tao Shipsi in 1 0 50, their Difference 41 of 
gitude 118 ; I demand their Diſtance. 5 


* 


nnn — 4 | 

=o Bella faſhion. 2 | | Plain Fri I 

I. Wich the Sine of 90 1. AB | 
Dr the Arch DE, — ture . | 


with the Sine of 40, the | 2. With 40 Degret 
Complement of Laritude, | the Complemenr of Lat 
draw the Arch BC, asin | tude, make the Angle 
Caſe the firſt. | A, and draw the 'H 
2. Set the Difference 7 e AC, upon which 
of Longitude 118, from che Difference of 
D to E. gitude 118 from A to 
293 baue kinds 4D . From C let fall d 
and AY; which will rel en CB tos 
the 


Longitude tt 
Ship fails in. | 

L. With the Sine of 
Sar mf 76 

a the Arch D E. 


Longitude 4200 from 
to E, and draw the 


f;, 
3- Draw the Lines 


3Dand ACE, 


1 and draw 


Fo Draw the Lines ik 


d half the 


, 545 


: = 


de —— 


r 


2» Set the Difference wo . BY | 


4. Biſſect the Line UT 
bog 


d g b parallel to 4m, and diſtant hon 4 equal. 

given Diſtance 1350. | 
6. Where theſe Parallels croſs the Lines 4D and. | 
1E, with the fixed Point of your Oompaſſes in 4 
raw the Arch Y C and then draw 
Then place one Foot in 4, and the other i | 
„that Extent applied to the natural Sines will Ko | 


the m_— ſo 2 n ky 


e Ain B, and Vinay | 
Draw alſo the Lines | Then is 30 PEW. 
_ DE, R | re ea HD a 
he Like BC 76 web f 15 

_— Di rab tiere Ne 
" | r or Latitude. % 


Ship ſails que Weſt 2709 Miles, her Diference | 


E 


” 92 


he Line 


the Line 4c. 
. With n che Chord of 60, and one Foot in 4 s 
8 Arch de. 
ke Angle at A meaſured on the Arch de, b. 
Degrees, the Complement of Latitude required. 


CASE IV. Two Ships ſailing diretly North er. d 


their Diſtance in one Paralle given, to ther | 
ſtanct in another Parallel. 1 e 


Suppoſe two Ships in Latitude ro North, di diſtu 
200 Miles, they both ſail directly North ; into Lat 
tude 73 North; their Diſtance in 2 * Parallel 15 


quired. | 

. | | 1. Wich the. Sins Conp 
Bell-foſhion. meet of the Latitude in u 
| Ho Dees is given 
dine Comp ent o o, Wilt 
is Sine of 40) and . 
1 deſcribet the Arch DE, a 
upon that ſet off the Diſtan 
in that Parallel 400 from 
to E. 

2. With gen. ir 
the Arch FG. 


1 
/ 


4. With the Sine Compl | 
ment of che other Latin 


gag Geometrical 43 — 
Il (which is cho Sine of x 7) and one Fot in 4, Wes 
he Ach BY wu Fin 2, and A i in C 
Ida, BC. K (4 
ſhe Line x C meaſured on the fone l Dart 8 
n which you took the firſt Diſtance D E, will be "= 
pa to be 91, the Diſtance of the Ships in Laticude Y;#-.- 
ud if their Difference of Longitude were 3 5M 
n be fon by meaſuring the Line FR A» 


MX Flay Ti ee 


Wo 


” . 7 * - . 
* , 7 * " 
» . 
\ » % a * ü 
* - 
. N 4 4 
a * | 3 . 
1 - * - "4 J 
2 * * . - - # $ * * 
* 1 7 : 
* 
1 = 


re is given the 13 A and 5, Aab 
t of each Latitude, and the Side 3 C cheir 

La 50, to find their Side 4 C thein 
ice in Latitude 73 So that here is two Angles $55. 45 

2 Side oppoſite to one of 2 to find the 

oppoſite to the other, by Caſe I. of . Pain 

dla, to which I won. | 


SEV. Twos in one Parallel, with their Di- 
nee in that Par iven, ſailing beth directiyx North 
South, and then ther Dibance in the Paralle} come to 
en, 10 find the Parallel come to | 


wo Ships in Latitude ro, diltant 200 Miles, fail, | | 1 


b till they are "I Miles diſtant; I demand | 
tude come to 


* 


= | Bell- > | ; | 


aa wee rallel. 
5% h ym 
Point "A draw the 
AF, and from 4 thro 
E de AG, having 
drawn the Arch FO 
| 1 the Sine of 90. 
| 3. Biſe& FG inm 
FLIER Parallels 10 and 5 & Aitati from 4 me 
to half the Diſtance in the Latitude come to, 
Half 9x, which is 45% 
44᷑. Obſerve where theſe Parallels but the Line 
and AG, as in B and C; therefore draw the 
Bb. BCand the Line 2 C, and tis done. 4 
4 Then AB or AC taken in your Compaſſe, 
applied to the Sines, will reach to the Sine of 23 
| Comp. of the LOBES required ; ſo that the! ti 
EY coins to i857. #3 $4 If 
B/ Plain Triangle. See the Triaiighs is Cale IV: 
| which there is given the Side B C 200, their Diſta 
in Latitude 50, and the Angle Vir. 
the Complement of that Latitude: Ther! 
given the Side AC, their Diſtance in the Lan 
IM come to, to find the Angle at B the Complete 
the Latitude come to; ſo that here are two Side _ 
an Angle oppoſite to one of them given, to find 
Angle oppoſite to the other by Caſe I of Of  £ 
Plain Trignnomerry Geometrical. 
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560 i © | ” "6 NI 
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Al, L Lame Sailing ou 


4 


HERE 3 at "eojeltia 


er uſeleſs and impracticable at Sea; 
bie only inſert thoſe Methods char may ſerve as 
nonſtration, and Proof of the Proportions laid 
n in the Tri 


y off 
. 2nd omit the reſt; being unwilling to put the 
, ler to the Charge of W bas war mays" 
ne WH eful and profitable. 1 
4 he firſt Proportion mentioned in Midlle Latitude o 
" e As 8 Latitude to 
" of Longi Rar ig Sine 8 of 
7, lea to Go Tangent of the Courſe. Gr 
och is the ſame) as Di Lathe 88 : 


. plement of Middle Latitude; fo Difference of 
1 tothe Tangent of the 'Courle. 


e ficlt Queſtion chere, Ein G One Lan, 
% Diſtance given, to find the other Latitude, De- 
% Difference of Longit 


parture, and Diff. of Longi icude. 

Note, T ſhall inſtance, in in this Queſtion, 
s of all the different Way s+hat I ſhall inſert for 
defting Middle Latitude Sailing g, and for demon- 
”g the Proportions genera Wy UT therein, ſup- 
ing it too tedious to inſert 

ons and Demonſtrations in every Caſe theres, 
d firſt for the Fropyction e mentioned. ary 


* bo 1 ? 4 vo * 9 4 \ | x . - . * „ 22 
9 0 * 4 > , . * ; ” | 
* . Ft 5 \ : 


Middle Latitude Sailing. I hall x (fn erage & 
Jer with them all, becauſe many of them ya . 


A 4 
4 
1 
4 
7 
|} 

* 
1 
= 
; 

3 
Z 


| Part of Middle Latitude 


\ Ship in Latitude go oo! North, ſails N. E. 7K. 33 
Miles; I demand the Latitude come to, wien . 


Wim 


the different 210 F N 
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8 DEE: Fig 

\ ries. * YI 

wk F; 13677 3 *. 
"ng rn 


, 4 af * . f 8 
an; Sele ln 910 


. 4 | . ö * N 1 


wh 1 


11% anne i © Ek 
# 4&4 * 128 1 $9 . 45 1 * I $5 „ 
IF. - * 1 wa Se: | At 
y of 40 


i | — 5 8 Ay 1 5 . 
B þ "Pio hs: North 2 court Ting 4 
4 the given! Courſe and Diſtance lay 9 825 2 
3 ABC; as in Plain Sailing monly > L 
thus having found the Differencs' of 


conſequently the Latitude come to, . vor 1 
rude ; 155 the Sine of the C nt of Mie 


Latitude from 4 to b, and ſet off the Radi ori 
90, from A to e, and erect the Pet , 
A parallel to E C, and continue B Cat pleat 
| obſerve where the Hy AC cut 


potenuſe” 

e ain pete (which is erected from the Si 
go) as in ł; then take in your Compaſſes the. 
ek, and place from b to i, and fy 4 tio 

draw the Line A D to cut the Perpendicular BJ 
Dz; then is B D 1003 the Difference of Long 
—= required, and BC 548 's he Departure, and A 
8 is the Difference of Latitude, the Hypoten 10 

987 the Diſtance, and the Ang le EACH 


8 | Courſe from the North Faſtwards or. NY 57 

; Now that this is a demonſtrative Proof of «he | 
8 logy or Proportion before mentioned, is evident; 
2s A the Difference of Latitude 104 h the Sins C 
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Py 
oY 0 N 
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i | 4 e 
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9 * . 0 
CY " 6 hk 9 44 PR” 4 L 4 - 9 | 
* « = 1 * = — = 1 P 1 4 * 2 
- - - 5 . 4 * 4 > * FI * 2 . os 4 A 
6 © * ; i the 2 a. , RT, 7 #) + , y * „ 4 * 4 : l 1 pe » , 3 " 8 * Yd 1 
p I * . . 1 4 4 2 * * . 1 4 
ROT URI. , ] ·²U...... Tʃ»':11ß. )¼]Xö?ͥʃü Oo TooToo — 


7 of Midas Latte, a reg ne dine 75 
ongitude $0 B, which by Conſtruction is always 1 
to e the T of the Courſe : And that ie 
is 4B to Ab, ſo BD to bi, ſee Eaclid. lib. 6. 
4 ore as Difference of Latitude to Sine 
uplement of Middle Latitude, fo 5 . 
ide to Tangent o the Courſe. "Wh N 
Another Proportion is, As Sine Complement of — 
Jdle Latitude to Radius, ſo is Departure to the © — 2 
ſerence of Longitude which may eaſily be pro- | 
1 and demon — right-angled Tri. 
e; to which if we prefix another right · angled 
ple, which is common in Plain Sailing (vix. as 
ins to the Diſtance, ſa is Sine of the Courſe to. 
Departure) making the Perpendicular, which is 
Departure common to both, you will thereby 
 confticuted an oblique Triangle, whoſe Propor- 
between its oppoſite Sides and Angles plainly 
es the third viz. As Sine Comple- 
tof Middle Latitude to the 8 Sine of the Courſa, 
the Diſtance to the Difference of Longitude; 
(which is the fame) As Sine Conplenent 3 
dle Latitude to the Diſtance, ſo is the Sine gf the 
ſe to the difference of Longitude. I ſhall in- 
inthe firſt Caſe before e b ons 
17 Courſe and Diſtance is given, to find the 
: Laticude, Departure, and Difference of Lon- 


Ship in Latit- 50® o! ſails N. K. b 
; "demand as abore 5 x K. 997 | 


e \ k 24 
2 Sz % + 


che Toi an ee 
Plain 5 | Caſs4-4 | 
having found theDiffered 
an” Caen and conſequs 
- ly Middle Latitude, whi 
92 * \ inthis Queſtion be 785 
therefore d 
he to make an Angle of c 
with the Line CB, 
' drawtheſaid Line Cd 
cut the Line 8 cone 
1 chen isCD 1003 the T 
FTE 154 Beckuſe the An 
EL ABN WE - BCD de che 1 
n Middle Laach, 4 
De is a Right-Angle* And the Side J Ch 
the Donne, is common to both Triangles ; tt 


re 6776 n che Triangle A43C it's 5 the Rad 4 


to Diſtance AC, ſo is Sine of the Courſe BAC wl 
patture BC; and then it muſt needs be Aſd, As 
of BDC, the Complement of Middle Latitude, i 
| oppoſite Side BC the Departure, ſo is Radius D 
tothe Difference of Longitude DO. 
Hereby is alſo projected by conſequence a De 
ſtratiom of that Proportion, As Sine Complemeal 
Middle Laticude to the Diſtance, ſs Sine of the Coll 
to the Difference of Longitude : Or, as it is expie 


nn the Beginning of Middle Latitude Sailing Trig 


trical, As Sine Complement of Middle Latitude to 
Sine of the Courſe, iy is the Diſtance to the Dilfer 
of Longitude. For by theſe two right-angled. 
angles, with one Perpendicular common to 
eonſtituted the oblique Triangle AC P, in 92 1 
| Re D 4 C is the Courſe, -_ its pol 5 


= : " % a He” "> — 
25 N 


* 
. 


td Differeoce.of Longitude, and che Angle 42 

« Co of Middle Latitude, and ics -oppofire 

de 4C is the Diſtance 3; and hence it maſt needs fol- 
ww by the known Proportion of Sides to their oppo: 
i Angles, 2nd. the contrary, that as Sine of 4D C 

Ac, ſo Sine qt DAC to DC: Therefore as Sine 
mplement of Middle Latitude to che Diſtanca, ſo 

ine of the Courſe to Difference of Longitude. 

Thee Mechods of projetting. Middle Lacirude be- 
- the moſt demonſtrative Proofs of the Analogies 

r Proportions generally/made uſe of in the Trigono- 
errical. or Arithmetical Calculation thereof, and 


erefore tile moſt uſeful; I ſhall add one or two more, 
dough there are almoſt infimite Methods for doing | 


; 3 one Way that is commonly uſed 1 Semi- of 
ce, a Way very much in Practice, in which I ſhall 4 
ce in the foregoing Caſe. A Ship ſails from 4 
5o* oo! North, and fails N. W. by N. 987 Miles; 
mand the Latitude come to, with Departure and 
i. of Longitude. 4. A * | 8 ag 0 i 
, and one Foot in 

draw the Semi circle 
ME, and at one 0 Ot . OS! 
d thereof, as at 14, 
ike an Angle of 33% _ 
the Courſe given, 
ge 4 B C, with the 

in Plain Sailing; (+ 
d having band oe 1 
adde Latitude, Which 1 
i Queſtion, is 56% 
ſet off the Chord 
reof both Ways, | 
m M to I and Ky. 3 
Ida 7 K to cut 1 1 then ſet the Di 


yy T1 
* - 


*. N l 2 7 _ . K * — 
* 7 - | . 1 », N * = 7 
b ' « . 
1 4 * l * 3 * 
7 


ET . enen Clu 
LA from 40 5 and from B to E, a 
the Line MH till it cut the Line AC; as in N; ch 
from E erect the Perpendicular E G, and fron 
through N draw DG to cut EG in chen is 
the Difference of Longitude; BC the Departure, 
Pp © the Diſtance; A B the Difference. 47 Tn. ol 
i x "Angle C4 the Courle. * 2 1 


tf”, 


7423 „ Mien 
2. Aue Projtion 7 the Jon pins.” 
—_— | With this unn Con 
5 Diſtance 7 down the 
angle ABC, a in Plain 
| "3 + ene x * in g, Caſe I. and having i 
r NY the MiddleL atitiide,z 
Ie Kl ſet off the Sine of the 
plement of Middle 130 „ 
Aypon the Line AB, | 
to D, and ſweep the 
VDE; U 
ture B C in your Compaſſes, and one Foot in D, 
tend the other along the Arch DE to E. and d 
* the Line D E equal to BC, and through hy 
continued; and then with the Sine of 96, and 
72 Foot in A, draw the Arch G H, till it cut the 
AE continued i in , and draw the Line GH, wi 
meaſured on the ſame equal Parts from which the 
were projected, gives the Longitude required. 
Wy Theſe four Methods are ſufficient to entertain 
Reader with Variety; and I ſuppoſe it aeg 
or ue” to inſtance in any more Cafes; it bein 
aly, from what is given in any other Caſe, wh 
Nt. both. Latitudes and Courſe, or both Tatil 


Difference of Longitude, — to make the ſame! 
jection, as a liccle Practice will make evident.- | 
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Plain Trigonometry. | \ 
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N the Solution of all plain Triangles, whether 
right-angled or oblique, there are always thres  } 
_—_ things given to find a fourth, ſuppoſing the Raa: 

us in right-angled Triangles to be always given or 1 

own; which three given Terms are always the 

ſt in the Proportion, and the required Term is al- 

ays the fourth or laſt; and they are always to bs 

aced in ſuch an Order, that the Proportion may be, 

the firſt Term to the ſecond, ſo the third to the 

urth ; and before the admirable Invention of Loga- 
hms, the Method was, as in other Caſes in the 

ule of Three, to multiply the two laſt Numbers by 

ch other, and divide the Product by the firſt Num- 

r, and the Quotient was the Anſwer to the Ques _ 

on; but by the Help of Logarithms the Work is 

ch facilitated : For having ſet down the Numbers 

their proper Order, and their Logarithms againſt 

em, as you ſee in the following Examples in Plain 

ling, you have no more to do, but add the two laſt 

garithms of the three that are given, and from cheic 

m ſubtra& the firſt, the Remainder is the Loga⸗ 

im of the fourth Number required. And again, 

rve in any aa Tetms, whore the W 1 


f 
/ 
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3 Plain Trigonometry by Logarithms. Cg 
the firſt Term, you need but add the two laſt together 
and from the Sum abate 1 towards the Left Hand: 
And the Retnainder is the Logarithm of the fourth 
Number required. But if Radius be the ſecond of 
third Term, place 1 on the Left Hand of the fal 
_- _ © third or ſecond Term, not Radius, and from that Sun 
ſubtract the firſt Term, the Remainder is the Logy 
rithm of the fourth Term required. But if nong of 
the Terms be Radius, as it frequently happens in ol 
lique plain Triangles, but that every Term bet 
Logarithm, Sine or Tangent of ſome intermediar 
Degree or Number; then inſtead of the Logarithy 
of the firſt Term, whether Number, Sine or Tai 
. gent, & c. take its Complement Arithmetical, whid 
j done thus; Begin at the Left Hand, and ſubtea 
| each Number from 9, and ſet down: che Remaindt 
till you come at the Figure next the Right Hani 
which ſubtract from 10, and fer down the Remaind 
as before. This Number thus found is Called 

. Complement Arithmetical of the Logarichm tg 
whence it was taken, and is to be ſet down apilt 
the firſt Term, inſtead of the Togarites z f 
the Logarithms of the ſecond and third Terms ini 
proper Order under it; which being done, add 
all the three Sums together, and from their Sum lu 
tract the Radius or 10 towards the Left Hand, the 
mainder is the Logarithm of the fourth Term ſougii 


; RM 
Plain Trigonometry right-angled. ' > 
CASE I. Hypotenuſe and one acute Angle give (a 


| ſequently both ) to find a Leg. i See Plain Trig ont 
; 5 ” | Geometrical, Caſe os ar EY 6 K 


. Hypotenuſe-—— 550 Required" 
Siren The Angle at 415% f BC-'t 
. Making the Hypotenuſe Radius, che Leg 50. 1: 

eke Sine of the Angle at 4, and the Leg AB is bett 


x N 6 + "TY cats C N 
abs, * þ ; 2 p 


! . 


7% page Lagatithmi. 1 


ziom the firſt 3 — "orig is, As che 
adus ro the Hy potenuſe, ſo tHe - f 
he Angle at 44 to the Leg A B. 

Again, 
ine of che Angle ar 4 to the Leg B o 

2. Making the Baſe Radius, the . B cis 
he Tangent of the Angle at * Baſe, and the Hypo- 

nuſe the Se cant of the ſaid Angle. By Explanation 
f Axiom the firſt therefore the Proportion is, As the 
cant of the Angle at 4 to the e ſo is 

e Radius to the Leg A B. 

Again, As the Secant of tho Angle at A to the 


ypotenuſe, ſo i — the Tangent of the ſaid Angle at 


to the Leg B 


Note, Makin the Perpetdiculir Radius, is the mem 


making the Biſe Radius, the Hypotenuſe ſtill os 


wing to be a Secant. 
In this Part I have purpoſely omitted the Opert» 
dns by Logarithms, they being inſerted at large in 


am and Mercator's — which is the Application 


Plain Trigonometry to 4vigation ; bur the Things 
ren and required are the ſame in both : For whereas 
Caſe I. of Plain Trigonometry Right-angled, there is 
ren the Angles and e to find a Leg, ſo in 
in Sailing, Caſe I. there is given the Courſe (which 
he Angle at the Baſe) and conſequently its Com- 


ment (the other acute Angle) and the Diſtance 
hich is the Hypotenuſe) to find either Leg or boti 


dich are Difference of Latitude and Departure) _ 
Rules for Calculation are the ſame. 


x IL. Given the Angle at A, and a Leg A B, to ful 
R See Plain e Geometrical, 


. Making the Hypotenuſe Radius, the given Leg © 
de the Sine Complement of the Angle at A, dy the 


As the Radius to che Hypoteouſe, fo the 75 


f 


4 


13 . + Expla«\:,\ 


if 


* 
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® 34 — by Lagaritime. Chap 
”  _ Explanation of Axiom the ficſt ; therefore, As Sing 
8 | Complementof the deri x A tothe Bale, G20 
| © dius to the ee 8. 5 

2. Makin Baſe Radius, the Hire IS} 


cant of the Angle at 4; therefore, As Radius to th 
© Baſe, ſo Secant of the Angle at A to 00 Eypotemly 


I - CASE III. G the 4 e nl 4 ED to fad 
uber Leg; Given the EI as Ke "Oy 
K 
* Note, Each Caſe here 3 ah 80 . 

Caſe in Plain Trigmometry Geometrical, both in righ 

- angled and oblique. 

1 1. Making the Hypotenuſe Radius, the given I, 
zs Sine Complement of the Angle at 4, and the | 
quired Leg B C is the Sine of the ſame Angle; then 

fore, As Sine Complement of the Angle ar A 6s 

A, ſo Sine of the Angle at A to the Leg BC. 

2. Making the Baſe Radius, the Leg BC is the Ta 
gent of the Pak at A; therefore, As Radius toll 
3A, ſo Tangent of the Angle at A to the Leg BG 
Note, Both theſe Caſes, the ſecond and third, 
contained in Caſe II. of Plain Sailin where | 
Angles and aLeg (viz. Courſe and. Difference of 
titude) are given to find the Diſtance 8 vt 
Hypotenuſe) by Caſe the ſecond, and the other 
(which is the Departure) by Caſe the reg i 
are alſo both comprehended under the third Cal 

Plain Sailing, there being alſo the Angles and al 

given, viz. Courſe and parture, to find my 

and ON of Latitude. 


(4 


d 


1. „ Plin de e 4 3 * 


8E IV.“  Glom'the Hypweunſe end « 2 to finden. 
lngle. cee 4 C. M 3 9 


25 by 
= ; 
* * > 
_ 


i is 7 
5 the Baſe of 


int of the An Jo as, Az; rl: 


hi Angie e te fs 2 


ASE V. Given the e Pe * to . 
be other Lg. nnd wo rey n * 


„Making che H e Radius, the requited Leg 

is the Sine of the Angle at 4; therefore having 

d the Angle at 4 4 the — the 

ion is, As Radius to t e Sine 

e Angle at A to the Leg 8 50 a Nan, 

Making the Baſe Radius, the pan . Leg BC 

de Tangent of the Angle at A4; therefore having 

d the Angle at A, as before, the Proportion is, 

Radius to the Baſe, fo Tangent of the Angle at A 
Leg BC required. 

beſe two Caſes are jointly comprehended in the | 

rand fifth Caſes of Plain Sailing, in each of which 

is given the Hypotenuſe and a Leg, to find the | 

r Leg and the Angles. |. | 

de, It is moſt uſual, in. moſt Caſes i in Plain Sal. 

to work after the Method here delivered, making 

Hypotenuſe Radius, becauſe that way of ſtating 

35 it under that known ee of oppoſe 

3 (0 oppoſite Angles. | *(4 


Be © 2 Gn 


to Radius, 10 the H yporenuſs 4 0 co o the Secant | 


2 


Pro- 


N l "ru 


* o l * . . RT 4 « * * * y 
J g — F * * < te. . 227 : 

— - . : 5 
. wy 8 . 
ig * 7 oy 
Fo p a. * 
Ys . = . LAS. - 
* , [ 0 
35 1 T bee 6 "Chip | 
” - ” w 4» 2 
* | 1 
f 


cs N Thy Lops g des en 
13 * e ee BANC; 


' Nate, When = as required, 896 may 

made Radius; but 85 

1 be made Ne Rate; 1 d g pred 

1 Angle before nl a'the Hypateauſe, we fl 

|. - make the Leg 4 B Radius, and 1 is the Þ 

gent of che An BT  Therefors'as' Tee — | 
4 > BC rothe angent of the e Angle af 44 fen 

a SH "$3 14.0 wes. rape "TT 

| cu VII. Given the Le s, to find the 

"HEE: ' Given AB and B = 154 

b ge the Aale 8e 0 before, and then, 

Y I aking che Hypotenuſe Radius, the Baſe 

he ce l and the Perpendicular Bd 

Sine of the 158 at A; therefore, as Sine G 


2 of hi te at A to the Baſe" 43 

eee to the Hy 1 AC required. 05 } 
Sieg che Angleat A to'the Leg 5 346 Rat 1 
3 meu tenuſe required.” u 24% nc . 

_ aking. Baſe Radius, and havin Fouts: 
| | 40 ar A, it is, "ks Radius to che Buſe, | foie] 1 

cant of the Angle ar A to the Hypotenuſe- 
1 555 Theſe two Caſes are both contained unde N 
pech Case of Plain Sailing; and if you Tae 
OT 2105 the Rules laid down in the Beginning rie 
> Faäailing Geomarital, about the Application” of = 
Ke. - recti. 


Trias les to Queſtions in Navi jon, the l 
on between them will appear 2 a, and che 
reQjons given in one will be ſo plain and pen 
in the other, that there needs no more to be (al 
inftru& the Reader as ro the Solution of ht 
plain Trage BT 10 
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rn ain 3 wth 2% era. 4 35 
Kei 8 05 N ri L 
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bit Plas Tag 0 st ON. ; : "Y 
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Stall be z little more particular in this Section k 

oblique Triangles, becnuſe ue have them not an- 

er d numerically elſewhere in this Book except in 

o x Queſtions af the dacter Hal, cn, 38K "4 
51197 Wor 05 1 250 Tien  » 

ASE "Two Arles de Site ro fe 

given, 0 Jad the a oe Mee Den: | 


UDO DU tf 4 2 1101 ash 5 

The F 4-20 0 
| The Angle at 3-45 op 
| Tip Side BC 290 „ 


n due, tht e ALI = x 


* 


0 otT > neeic 
As Sine 4 4 3 /00 on. Ai. o. zoloʒ 
To Side o 8 — — 290 — 8 3 
| $o Sine 8 — dae ; 


'F e "4 


To Side oppoſite 4c required 410—=266250 


5H FYY: # * . * 


Note, Here being no Radius in this Proportion, I , 
have taken the Complement Arithmerical of firſt Lo- 
garithm, and added all the three Sums together, o- 
nitting one to the Leſt Hand, * w the Di- 
tections i in the Beginning hereof. | 


CASE II. Tio Sides hs an A 
* them given, 17 en Kal ae 


|  CThe Side 10 00 "4 
ren) The Side 4 C 2 cee the *. 


lbs: ao 35* 0 
| | 70 


kali to ef 
bel. : | 


* * iu — bee. ca 
1 IP vn Anim he Sand. 5 


3 —— 47 725711 
1 N 9594 


— e * 27451 


27 7 hk 123110 1 * 


10 Sineof cheAngl oppoſir 5 aa 
ISP Wit, This Anſwer: * ambiguous, — cherefore i 
18 neceſlary firſt to know whether the Angle ſ 
be acute or obtuſe, which if acute, it is 47 58, 
if cha, it is found by ſudtracking 18 -from 180 
N (to the Remainder xoF* 2 is the obtuls gle required, 


EASE III. Cloe, Sides, * 1 
60 e, prior ee. 


: The Side 4 B——560 
I Giren The Side 40 —4q1 e he 5 Si 
$9 - The e N 0 e an 2 


E. f 
bY Find hs Angle at 6. 25 int Caſe I. SO if * 
poſed Acute, is 74 58' ; then the two Angles 3 and 
C being given, the chird is found by Subtraction to e 
60? : Then ar en the ſecond, 
e 22 

As Sine of B- — — OP „ Kees 
To Side oppoſe AC — 0 — 410 — 2.617 
So sine of * — — 60 2 an 93761 

— ci 
. To Side ere — 502 — =. 


1 1 Bis if the Angle 4 C bad been ſuppaled, bal, 
i vi: 105 2, the Angle at A would . 8 Ml 
= 78, and chen the * 500 


4a . 


. 2 0⁰ Ti 
4 ö N Tera 0 


. Se ol B g 45.150 28 0.5052 | 
To Side Op} te 40 — by and. 
So Sine or d Cooks 3 
| 87 A . 22 tr Ar 1 
ASE IV. gehe Sides and 4 1 i. „ 


enn 5 e 


The Side 40 1 

Giren 4 The Side A B — 1. des 
6 The Angie A-— 30⁰ 0 Pe 
1 vt 9453 16 22 


By Aniow the Third.” 


8 
RN 1 os 31112 Ge” 


4 © 


As Sun of the e (Sides i 322 

ons 3 —I50 —— 2.17609 
4 unk 7 4 Fed * 

Augst o g 


To Tang, ol : their amen Els 8686 


The Sum is they Srenter Angle C nog. ny 


. The Diffetence Pcs leſſer Angle B 4 = 


ASE V. 'TwoSider and a contained An þ fiver; to 
And rhe third Side. e 4 ; . 


* 


* 1 


Bs Side A eden 


— 


Giren The Side 1 B. 560 — BC. 
The Angle A. 30% of 1 
Find the Angle * Caſe * 45* ge. Then 5 


As Sine of 8 as x Cv. Ar. o. i 9 
To Side oppoten 4D — 410 —— 2.61278 - 
Sine of 4 — 300 — 2.698 


To Side oppoſite B of — —— * — 2.4521 "= 
| ce 


— 0 
# 9 


| Wy ae ne 5 Tm 


VO ern 


(The Side'# ©4107 ; 1255 


T The Side AB 180 8 
Let fall a Perpendicular from C ae, 
upon 'Þ the greateſt Side, by Axiom the fourth, 


/ Go. 

8 bog A . een 
ö Sum of the Sides AC q 1p -/; 

and CB 290 — — 284% 

So the Difference of the ſaid Sides— 120—205 


4 


* 


To the s of the $eg-2 | 
wens of the Baſe 1 D — zige, 176 0 
8 r nei iu: 0 
2 half Difference 2 added co half the.Baſeak | 
= gy 4E. 201% Fe 
= Difference, 75 ſubtracted from. half n 


iſe "580, the Diff. 255 is the Baſe E B. 
Then in che right-angled Triangle 4E C is gin 
LE: 355% Accs, to nn 2 


As {Orman mn | 
2 AH — 


Jo Sine RY of che kol. at 4 zo. 11 — 
Aſter ho ſuns manger you may findche Ange 


- L 
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| 3 _ K | 
: * 4 8 * er N 7 \ 7 8 . ; 47 
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«ry 
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dk ; 
w 


” i d » 
| 9 abt 4g 
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Ser. e 
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* 1 Py g * * % g # 2 
| Pavaliat-Sailing Trigonometrical,| OE 
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20..+ id nie o? 

A see Mechod by propoſed benen and 

ſhort, without che! Trouble, of Logarichms, _ 
jes, Tangenes and Secants f yet N "the way 
down an Example or two i 6, 1 — 
in Sailin Jereator, according to the old and 
mmon yin pri be help of thoſe, who 
her through Negligence, or. want of Oppormpity 
practiſe, have forgot at Sea what they Jlearn'd ac 
bool; but chiefly, that in all oe Bans wrought 
the new Way, I may refer to thoſe pong by | 
old Way; that ſo the Reader ſeeing the 
xrmony and Concord which is between them, may 
d his great Satisfaction) be convinced of the Veri= 
and Infallibility of this new Merhod, equal to te 


5 


-. 


| for Truth and Certainty, and ſuperionr'ts all for 
pedition and Readinels. oO 4 
mee WE. 2 1460 


, 1 '1 it ee. £2 of 


* 
— 0 


"Plain Salliag. 1 1 0 


ASE I Courſe nl Diſtance given, W fel Diffiews _M 
of Latitude and Departare. wo 


A Ship fails N. W. by N. 121 Miles, I demand | | Dif- 6 9 


rence of Latitude and Departure. 
Firſt for the Difference of Latitude. 


As Radius — — MT, o. ooo 
Lo the Diſſance failed —— — 123 — 4.089 
eie Sine Compl. of the Courſe—56 15 — 9.9198 
0 Difference of Latitude oa #2,00975, 

5 35 Far, 


* — : * a. 4 * * * FOE "” 0 3% K . oy n * * * 8 FF * 1 
. * 1 * 


„ eu bu _ 


For the Departare. 


1 14 T «6 


== 40 9. re FRE XP TITS 1.96 
= 80 Sine Comp. of Courſe— 65 0 900 
=o "To: Diff. of Latitude — lone 


| 7 — rt: pallet? 4. 4 he - An ee 80 
4 * * 0 N . 0 1 
{ 4 + - i »© { * 7 * 7 4 [4 For 4 . atture, : 
1 % 5 4 r J AY 
T * * 14 2 4 5 © * - 3; 4 T5 "-\ T 

= 44 0 "4 " > - 2 \ Fl i ( 

4 dA. 2 ; k * on 

N 1 16 715 . 


As 1 oo 10000 
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their Difference of Longitude 1183 1 * - 
ir Diſtance. 37 


The Difference of Longitad itude is 118 Min. J 


T Cds \ + 0 | 4 i 
v Radius ————— — 90 00—10,00000 
05ine Comp L 80. — 40 oo — 9.80806 


- Longitude — 2.92188 


” „ 22 Bene — 


s III. Ie Plates, in owt Ln 80 


. ſtance and Difference of Longitude Thr: . 
| Rum they are in. 


e l. A Ship Gvih doe Weft 966 Mg) 
Da Wh her Difference of Longzeude te be 
Min. I demand what Wan the Ship _ in. 


As biff Longitade = — — 4266 — — 1 la 
To Radius ——— go oo. low 


IR EY e — | 


As W. 1 ſailing Arey Nori l 
their Diſtance in one Parallel given, to F they 
Fan. in amber Parallel.” . vi 


- Example. Suppoſe two Ships in a Lackads\ 10 | 
oo Min. North, diſtant 200 Miles, ſail both ditt 
North into Latitude 73 Deg. oo N * demand 

| Diſtance in that Parallel, | | 


As Sine Comp. of Lac: ird from ro 00 Co. po 0-1 
To their Diſtance in that Parallel 290 — 29 
So Sine Comp. of Lat. faild ro—7z3 00 — 9.4 


To their Diſtance i in Lat. fail'd to—gt. — 


CASE V. Two Ships in ane Pax rallel, wich thei 
ſtance in that Parallel given, ſailing both dire M 
or South, with their Diſtance in the rana ds 
given, to fad the Latitude come to. 

Example. Two Ships in Latin to De 1 
diſtant 200 Miles, Gal b both directly Arab el be, | 

Diſtance is but 91 — 1 2 the dg 


- >a tO, 


4 Z 
. 5 0 
4 * 1 * ” K 


br s) 
> deat 


/ 


deb #5 Peau Sallng bee, 83 I 


1 2 * 

Thb i bu cho laſt Canon inverted, PR 
their Diſtance i Lat Gul from 22005. 6989 
eee 
» Diſtance in Lat. come co — 97904 


o5ine Comp. of Lat. come to73 00 "By 6600 . 


In theſe Five Caſes of Paratte! Sailing — et Sown 
je one Example in each Caſe, it being of 3 — 
ſe in the Practice of Navigation; = 
Se fic it ſhoyld be omitted, Eule of rs fe n= 
being a good Help towards a right Notion 
prehenſion of che Terreſtrial Globe; "Tor ja Plain 
Fling there is io ſuch Thing as Difference of 1 4 
je, as diſtin from Departure; but here the 
ice between the one and the other is plainly. evi- 
u, the Difference, of Longitude being ſometimes . 
ice or thrice-as much as the Departure, it bearing 
ays the ſame Proportion to the Departure, as Ra- 
. 1 Sine Complement of the Lade or Pa 
8 in. | 


8 2 or. VI. 
Mille Latitude ng Trigonanetrical. 


Ltho' Middle Latitude Sali is 3 true, 
yet becauſe of its (general) C Conformity to the 
„ ſhall not altogether omit it; for . 
ln that it comes ſhort of e Hercator's (or rather 
Ps) Sailing (in which the Degrees of Long + : 
dear exactſy the ſame FOO ro the Degrees , 


| of 
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of Latitude in any Parallel, as it doth upon d. 
Globe) yet it exceeds. Plain Sailing (which fuppo 
of Longitude and Latitude ro be every Where equ 
and therefore ſeeing it hath been ſometimes tum 
and practiſed, as one of the Kinds of Sailing 
keeping a Reckoning) now in Uſe; Lihall-prot 
to an 3 in each Caſe thereof. And the gat 

I take notice of it, becauſe when I come to goon 
this in the new Way of Working without any Candi 
I ſhall ſhew how it may be done, not only with mg 
Eaſe and Expedition, 'but alſo much-more nearly 
not exactly) agreeing with Mercator, and conlſequs 
ly wich the Globe it ſelf, chan what hath been 0 
monly taught and · prackiſed in that Kind of Sailin 
but ſhall refer that to its proper Place in the. ed 
Part hereof, and ſhall here proceed (as in Plans 
Mercator, & c.) to work the ſeveral Caſes of Mil 
Latitude Sailing the common Way, and the Anal 
or Proportions. made uſe of herein (beſides th 

taught in Plain Sailing, which are applicable and 
ful here as well as in Mercator's Sailing) are commd 

. G „ "7 on 


As Difference of Latitude 

To Difference of Longitude, © 
So Sine Complement of Middle Latitude 
To Tangent of the Courſe from the Meridian. Ln, 


The other Proportion is, — Mien A'S 


As Sine Complement of Middle Latitude 
To Radius, Fa bee 


So is the Departure ei 
- Fo the Difference of Longitule. 


N n a | . 44.43 54 Hy; | 
And theſe Proportions may be inverted accoi 
do what is given and what is required by Eu, 


* 


96 Wi e eee 1 


e required Term the laſt of the four in the Propot- 
on: As ſuppoſe both Latitudes and Courſe be given, 
ad Difference of n, tequired, then tlie wy 
ortion will be, | 


As Sine 8 of Middle babe 
To Tangent of the Courſe, © 

So Difference of Latitude 

To Difference of Longitude, . 


\ \ 


And ſo in others, as in the enſuing Operations will 
ore plainly appear. 

There is alſo another Proportion, of Uſe for finding 
je Courſe, Diſtance or Difference of Longitude, 
hen any two of them, together wich both Latitudes, 
e given or found ; and the Proportion is, 


As Sine Complement of Middle Latitude | 
Is tothe Sine of the Courſe from the Meridian, 
So is the Diſtance ſailed 

To the Difference of Longitude. 


Andſo by inverting the Canon, any three of chem 
ing given, the fourth may be found, 


ASE I. One Lain, Courſe ain Diſtance gi ven, to 
find the other Latitude, Departure, and Di erence .of 
Longitude. Ic | 


A Ship in Latitude 50 Deg. os Min. North, falls 
W. by N. 987 Miles; I demand the Latitude come 
with the Departure and Difference of Longitude. 


* ſame ee in Mercator's at Caſe 
e ; 


Woe. 2 For 


14 & 16. & Corol. always — to make 65 


2. Mil + Late de En 
| * 3 e 9 
| Ho the Dina of Lands 2400 L 


I fl 
{8 * 


As ITN is OAH Lud 5000 
Io the Diſtance———— 987 2990 
So Sine Comp. of Courſe 56 15299 

To Diff. of Latitude e 7 

The Latitude come to is 63 h 41 Min. 


| For the nary.” TA 


| «ny . 1 5 17 
As Radius — — — 90. oo a— 10.0008 
Jo the Diſtance — —— 987 ——. 2.990 


So Sine of the Contr 1 45 — 
Tete Departure · — —— = 548 eG 2-73 00 


#1 * 


5%; Fi: Ke 


N 


For the Di ference if nel, 


Becauſe this Canon for finding the Difference, 
Longicude is grounded upon the Middle Latitude, d 
ſerve that it is always found by adding the 2 Latini 

together, and half the Sum is "che — OY 
' quired, | | 


Thus in this la the Latitude fail'd daten 
The Latitude ſail'd to is — — — 563 


The Sum is —— — — ig. 
The half of which is the Middle Lat. wiz. 56 


The exact Half is 56 50' + but you heed not! 
careful to half a Minute: But where the Sum ö 
odd Minute, take always the bigger Half; for 
Middle Latitude is a Latitude rather too little to un 
with, and conſequently the Sine Complement of i 
always a Sine rather too great, and makes the Long 
tude come out leſs than really it ſhould be: And! 
tho' there is no Way to find a As Latitude to u 


/ 


1 25 te T0 (wirfiout too — 
vill bring out the required Longitude the 

aly with Mercator; yet the Middle Latitude found 
fore being always too little, the taking the greater 
If where an odd Minute happens, will be ſo fas ä 
= augmenting the Error, that it rather leflens it, 
makes the Longitude ſo found more nearly, (tho? 
extly) conformablo to the Longitude found b 
cator's Sailing; which for Inſtance in this fl 
Eſtion we . three Canons 5 


rementioned. 
Co. Ar. 


5 Sine Comp. of Middle Le pine 0.26215 
o Tang. of the Courſe — 33 45-59; $2489 
0 Diff; of Lat. — — — 821— 2.91 


o Diff. of Longirade- —— ee 


Again, © 

u Comp, of Middle Lat. —x6 71— ads 
0 Radius — — — 90 09—19.99000 
d Departure — 148— 2.73878 
o Diff. of Longitude — 3-90093 


Again, > Co. Ar. 
dine Comp. of Middle Lat. —56 —.— 0.26215 
d dine of the Courſe————- 31 / — 9.74473 
is the Diſtance — 987—. 292412 


o Diff, of Longitude 1005. l 001 20 


E II. Both Latitudes and the Courle given, fo find 
Mauer, Departure, and Difference 7 Latiiud. 


Ship takes her Departure from St. Abb*s Head, i in 
de 56 Deg. 25 Min. North, and ſails N. N. E. 
reral Days — then finds herſelf by Obſerra - 
Es Latitude 68 Deg. 30 Min. North; I de- 
the Diſtance ſailed, wü her Departure and. 
ence of Longitude. 

G 4 N See. 
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Mile Lotitade Sailing Chi 

: ſtion in Mertator's Sailing, © 
** 2 oor of ne 1 auß 
r romaeavs of Ms. „ l 


if Guz 3 with 


1 for the Diſtance. 


6 As Sine _ of Courſe $.C-—az; 3939 | 
Jo Diff. of Latitude ——— ——72 5-28 
So is Radius 90 OO - 10.000 


| To the Diſtance . -785—2 
Then for the Departure. 4 


As! Sine A of Courſe 8 — N 
Jo Diff, of Latitude —— 725—28 
So dine of Courſe Sine — 22 39—9.5 


To e —— 127 I * 300- 240 


56% 25). 8 ; 9 | 
Thi two dentaler; 68.20 05M 


Sum—124 FF ud 
Sum — 62 28 che _ Lat 
As Sine Comp. Mid. Lat. 8. c. * 28 — 5 

To Radius — 90 e 
So Departure 300— 24 

Jo Difference of Longiade - — - Gr 2-81 


Arne 


CASE III. Both Latitudii and Difance given, to 
tbe Courſe, Departure, and Dj ference of Long ital. 


A Ship in Lat. 55 Deg. oo Min. North, ſail 
tween the North and Eaft 86 Miles, and is w_ 

into Lat, 56 Deg. 10 Min. North; her 

parture, and Differe nee of Longitude i is requinl 


* 1 


* 


4 


po 1 
tf . z 


£45 < e . : 
e the lame Queſtion tangy | 
2 ch. being given here ) 2 Eee 5 
0 the f 
: For the Coaſe) . 5 
. 26. 192465 
To Radius. 2 oo — I000g900 2 
80 Diff. of Lat. — — 70 — 2349 1 
o5ine Comp of Courſe S. C. 37 * ee 
For the be. | 
Bb — 10.0006 N 
o the Diſtance———— 6 — 1.93449 
Co Sine of the Courſe — 35 21 — 9.76413 
A 5 | 
For the Dj erence 0 Lon aud. 5 
f of 10 0 4 Co; Ar. 
dine Comp. of Mid. bk 55 35= 0-24779 
o Tang, of the Courſe——, 35 31— 9.8 5086 
So Diff. of Lat. — — — JO 1.8409 
o Diff, of e 94374 5 
V Sine Comp of Mid. Is — rF 1 991220 
0 Radius — — — 90 00—10.00000 
DO Departure — 50— 1.69897 
o Diff. of Longitude ——— 88— 1 94677 
ASE IV. . Both Latitudes and Depagture given, % 1 
find Courſe, Diſtance, any Difference of Longitude. 
A Ship in Latitude 55 Deg. oo Min. North, fails 
ween the North and Eaft into Latitude 56 Deg. 
Min. North, her Departure 50 Min. the Courſe, 
ance, and Difference of Longitude is required: 


a eee 


For the Courſe by Caſs the rh f Plain Sailing | 


A Diff. of Latitude — 2 10840 
To Radius iv 90 Lie oed 


So Departure — 50 — 1.60 
T0 Tang. of Courſo —;y „ 


For the Diſtance: 


* 


- 


8988 ay: 22m * 
Jo Departure k!? fo 1690 
So Radius —ʒ— . 90 0010 00 
To the Diſtance — — 85 197 


be N : A f For bf bu. 


; As Sine Comp. of Mid. >= LAKES _ 
To Radius —:— 90 00 — 1000 
So Departure 3 FO mms 1.6959 


N Difference of Longitude — 2 19% 


| Cas E V. Both Latitudes and Difference of Leng 
| given, to find an. Diſtance and * 


I demand the Courſe Diſtance and Meridian N 
ſtance between two Places, one in Latitude 56 Dy 
1 * . e other ĩ 7 2 58 Deg. I. 

rth, their Difference of Longitude 2 30 Mi 

See, Metettor, Cale the ſixth. AIP 


'd 


N "For the cut. 5 Fo 


„ — 


of Latitude — + 40 cu. bs 
pil, of Longirude ——— 1 56/7901 
dine Comp. -of Mid. Lat. $7* 27 — 9 
Ting of the Courſe —- 29, . G erte 


We EG cio 2X ? 


For the ae 1 


dine Comp: of Courſe — 2:65 0 8. | $3760 
9 Diff, of Laticude — 140 — e 
Radius 90. 0 — — 2.229 


) the Diſtance — 162 — 239852 


For the po. 0 UVA2AI 
dine Comp. of Courſe 8. 2 78 79 Ci. Ar. F208 
d Diff, of Latitude — —— 140——2.14612 
Sine of the Courſe. Sine —29 59 ——— 9.69875 


' De ᷣee eee eee II. 
eſe Five are the moſt neceſſary and uſeful Caſes 
idle Latitude, and indeed als that are of Uſe in 
ing a Reckoning; yet there are ſeveral — Ca- 
hich I ſhall in ert for Variety; but becauſe they 
jot ſo neceſſary i in Practice, I I ſhall only ſer down 
ata and Oxefita, with the Canons or Proportions - 
inding what is required, and ſhall leave che nhl 
is for the Reader's Practice. 


an Di 
4. 
5M. 


SE VI One Lativade, bees Hein 


find bg other Latitude W and Difference f 
"gi e. 


me in Latitude 55 Deg: oo Min North; Calls 
35 D eg. 32 Min. Eaſterly, till her W 
or 


; Idemand as above. 
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. Difference 4 
As Sine Courſe to Departure, ſo Sin = 
Courſe to Diff. of Latitude. bun 7014 | 
The Difference of Latitude thus found, thilss 
| come 0. Landen bet ny 1 . Caſs the 
and titudes Jound, t iddle Lai 
is found, as in Midd Latitude Sailing, — the! 


Then, Wt 
1 Di | 0 

As Sine © the Cour Be cle 

ag Diſtance. 106 


Fir Difference of Long Hule; 

We Sine Com owp, © of Mid. Lat. to Rats, bn y 
tute to Diff. of ngit. 

' CASE VII. o,. nnd, Diftance, and Dy 

given, to find the other TONS. Goel oe 27 

7 Longitude. 


For 1 churſe. . 81 td | 
A Diſtance to Radius, ſo Saas eo 


Courſe. 
For Difference ”"_ Eik 
A, Radius to che Diſtance, ſo Sine con, p 
Courſe to the Diff, of Latitude. D 


1 the Diff forence of Long BN oh 
As Sine Come. of Middle Landi to] adi 
Departure to Pifference of Lansitades Jin K 


CASE VIII Courſe, Departure, ond Diftreced 
Sf given, to find both Larisa any WIe 


„Fe the Difance. 
As Sine of the Courſe | to d Departure, fol Rad 
the Diſtance. _ | 


i 


| ad es ao. ab * 
6 
; 1 


* 2 * 1 0 . 3 ” * 7 
; f 1 | . . * 7 
. 4 * | „ 5 OC. * 
̃ ' » | #368 = _a 
. 4 Trigonometrical. * 
4. 0.0) agr. 
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For the Diff ance.  - 

* ne of ofthis Courls wo, epartire, fo Radius to 
" Di . e 1 10 Fir | $ 
ne of the Courſe to Depar ns f Sine Comp: 
Wh: Courſe to Difference of La 
1 For abe Ee, 4 
; ;Diffirence of Longitude to tur, ire, o R= 

to Sine Comp, of Middle LatituddeGQ. | 
„e Middle Latitude and Difference of Latitude 


found, both Latitudes are eaſily found; for adding 
the Difference of Latitude to the Middle Lati- 
„the Sum is the greater Latitude, and ſubtract- 
the ſaid Half from the Middle n che Re⸗ 

der is the lefler Lande, * * 


„ 885 a 
ven, 0 Latit 2 ure, e- 
nce of Lengienge, | bi. WH 10 


Difference of Latitude, and. 2 both banale, 


Radius to the Diltance,do en al Conrle 
diff. of Latitude. $I by 


hen find both Latitudes, 28 in Caſe che * 
[ben for Departure by Caſe the firſt F Plain Sailing. 


*Radius to the Diſtance, f Sino of the Cours ts 
parture, GY 3:10. P Ig 


For the Difference — 5 
Sine N of Middle Latitude to Sing of tho 
rſe, ſo is CD e Log- 


de, ! \ ' 


4 


SEX. Courſe, Diſtance, 4 Dif fra i 
tude given, to "find both Darius and . e 


nk . 


ft 


whey 4 ; 


8 5 For Middle Latirude, . Dail 650 
Difference of Longitude to the Di io is 
: of the Courſe to Sine 8 of Middle — 


ad 


For © 


02 bes ig 
to Diff. of Latitude. 


"Then find both ine, >a Cale cp 


6 1 ; 


Fur phe! Dep 7 1 7 


F * : . 0 
. | * ; 2 f ö ' "4 
; Radius to the Diſtance, ſo ne of the * 
e 003 gerd 40 n a 
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; Go forms if en 25 | 
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given, RR hot 22 


1 * 7 "+ % 5 4 * 
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So * 
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AS 5 


„ fd ie r, the Ad Zan. 
As peel ae Difertce 
tude, ſo Tangent of Courſs to Sine ym: 


nce of teres and Mile 1 : 


kind Fork Lac * as in Caſe the — 


As | Fur ibe Diſtance." | 
| | . oftheCouſe to Differences 
cal, fs X Radius! to the Diſtances, -- 1 a, 


4 


3 | the ole 141306 0 A | 
a 8 2 Difterene 
Latitude, ſo Sine of the Courſe to Departure 


CASE XIL Middle Latitude, Conſe; ond Dif 


F Longitude given, to find both Lain, Di 
and * 


As Tx of the Courſe to Sine Comp af 
Laritade, o Difference of Longitude to Differe 


Latitude. 


Than find Dilkade: 1 in Ca 
nm andDopanure, 
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ASE XIII _ One Latitude, 
wer of Long 2 


unrſe, and 


* Difference of Longitude 
to Sine 8 of Middle 
f the given 

eſs 


PF * and l A 
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Longitude. 6 Depitture, ſo 
Latitude. * 
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N all Caſes of * Sailing, there are arg 
Terms, viz. Courſe, Diſtance, Differend 
Latitude, and Departure; two of which if 

ways given to find the other two; and in hel 
verſe Table, the Courſeis to be found! in the De 
Points, or Quarter Points, at the Top of each 5 

The Diſtance is burg gabe firſt and laſt. 5 
each Page, and the Difference of Latitude an lecc 

rture are found in the reſt of the Columnsil 

Body of. each Leaf Side; and which two of the] 
ſoever you have given, they being found in ther 

per Places, the two required Terms may alſo bel 

in the correſponding Columns: I ſhall inſtan 
Examples of all the fix Caſes of Plain Sailing. 


cs! 5 I. ca and Diſtance given, to find Di MJ 
of Latitude and Departure. 


A _ ſails S. 25 Deg. E. 96 Miles, 1 demo 
Difference of Latizndo and Departure. 


a. Plain Sailing Des. 75 1 
In this Table, the left Hand Page in the Columns 
Diſtance proceeds from x to 50; and the right 
and Page from 50 to 100 ; and the given Diſtance” 
re being above 50, vis. 96, look along tlie Top 4 
e right hand Pages till you find 25 Deg. and right fr 
der it, and againſt 96, the Diſtance you find 835 é T' 
r the Difference of Latitude, and 40* & for the De- 
cure, as the Title at the Top direcess. 
But ſuppoſe your Courſe had been South 65 De- 
es Eaſt, you find 65 Degrees at the Bottom of the 
ne Column where you find 25 at the Top, and a- 
nſt 96, the Diſtance, you find Difference of Lati- 
e, and Departure the fame, vis. 87: o, and 40:6, 
Wy wich this Alteration, that now 87: o is the De- 
ture, and 40 : 6 is the Difference of Latitude; 
ereas before it was contrary. But to avoid. Mi- 
es herein; obſerve where you find the Degree of 
Courſe, whether at the Topor Bottom of the Ta- 
, there find alſo the Title of the Columns of 
ference of Latitude and Departure: Thus, in tho 
Example of 25 Degrees, you find the Degree ae 
Top, and therefore the Title alſo at the Top. . . 
7s, that the firſt of the two Columns is Difference 
atitude, and the ſecond the Departure; but in 
lecond Example of 65 Degrees, you find the De- 
at the Bottom; and therefore the Title being al- 
und at the Bottom, ſhews that the firſt Column 
e ma ng and the ſecond the Difference of 
dude, Cc. * ie 
t ſuppoſe tiy Diſtance be above 100 Miles, as 
de firſt Example of Plain Sailing in this Book, 
h is, A Ship fails N. W. by N. 123 Miles, I de- 
ber Difference of Latitude and Departure. 
ere, decauſe the Table reaches but to 100, you 
ke it out at twice; thus the Courſe being N. 
N. 3 Points, I look for 3 Points, which 1jfind; 
e Top of the Leaf, and under it againſt 100, 1 
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= Tbeſe Sum: added 2 give 102: 2 was 
1 | Difference of Latitude, and 68 : 4 for the, 50 
ture. 

Zut a ple your Diſtance were fo gteat à Nm * 
 thathe would require to be taken out at à great u 
Times, as in the Queſtion in Caſe 1. of Mina 
| Sal Trigonometrical, A Ship fails 987. Miles N 
by N. cc. you may alſo take this out at twice; 
having found 3 Points, you may take out firſt for o 
and then for 7 thus; look under three Points, til 
comè doun againſt the Diſtance 98, and again 
you 1 81 : 6, for Difference of Latitude, 
34: 4, for the Departure; hut becauſe the 98 
vanced a Figure or Place towards the Left Hand 

called 980, therefore advance the other alſo a.Plas 
| the — then will the Diff of Latitude, 8 
5 become 815, and che Depan 
| Diff. Lat. Dep. 54 4, will be 544; then 
817 544 ing a o for the 7, -becauk 
kh o 3:9 whole Diſtance is 98e 
—— Mill ſtand as in the Margin, 
os T $47: 9 the Difference of Latin 


= | 820: 8, and Pepartute: g 


| - Akocher Method very proper when your gira 
ſtance excegds what is found in the Table, is 

+ + or h Cc. of your given Diſtance, and f 
Diff. of Lat. and Departure belonging to chat, 
being daubled, if you "wal half, or — 5 if ye 
one Third, or multiplied by 4, if you took one: 
Ce. of the given Diſtance ; the Numbers 4 


of 


1 4% Plain ing 5 e, 10 


ir'd. EW on Dx bo add VL. 187.5 


ample. - | 

K chip ſails 8 S. W. 120, 1 demand Diff Laticude 
d Doparture.” D 
Here, becauſe the Table goes not ſo lar a8 120, 1 
e the Half of it, viz. 60, and againſt it, under two 
ints (becauſe S. S. W. is two Points from the Me- 
an) I find 55: 4, for Difference of Latitude, and 

o, for the Departure; which two Numbers being 
ibled, (becauſe I took but Half the. Diſtance) 
5 110: 8; for the Difference of er and 
:0, for the wee . 


E Il C : and Di Lat 
be "to hea fra of — given, 


inf \ Ship ſhils North 38 deg. Weſterly till her Diffe- 
of Latitude be — Miles; 1 demand her Di- 
ce and Departure. a 

becauſe 1 20 15 not to be found i in the Table Take 
of it, viz, 60, and finding 38 deg. at che Top, I 
under it till T find 60 under | Lat. ] for Difference 
titude, and right againſt it, in the Column of 
ai ce, I find 76, which doubled is 152, the Di- 
uſ 1 requir', and againſt it, under [Dep.] I find 
1. 3 8, which eee Is 93: 6, che true 1 te- 
if, | | 


se m. | Corſe and. Departure give, ful the 
Dif ance and Difference of Latitude 


ip fails 8. W. by S. tin her Gen be 40 
io 51 demand Diſtance and Difference of Lati- 


ad ; Points at the Top, and under it, in the Co- 
. he " Deparmes, find 40, W which you find 
1 n A 85 for th N 1e 


all be the Difference of Latitude and | Departure 8 


. 8 vun a 5 „nan. can 
0 0 A 5 E 1. Diſtance ed ink Faid 
| ; to find Conrſe ond er WY Wd 


A Ship ſails 7 Miles in hs 8. W. 
Differende of etz Miles. I. e 
"= Departure. I, | 

Look for 71 in the Coludin of Diſtance, and 
orer the ſeveral Columns of your Table, till you 
Is in one of the other Columns againſt it, which 

ing found, obſerve where you find the Title 
= whether at the Top or Bottom of the Table; forth 
2 you find alſo the Courſe, as in this Example. If 
puer the Table, till againſt 71, I find 59 : o, aul 
" . , Title [Lat.] being at the Top, I find alſo the 
_ - at the Top, viz. 3 * or 8. V. by S. he 


ture 39: 4. 


4 A 8 E- V. Difonee ad De give, „ 
85 , Courſe and Di ference of Latitude. 


'A Ship ſails between the South and Eaſt 1 100 _ 
- her. Departure 53 Miles, I demand the Cours 
fy Difference of Latitude. 
Look for 150 in the Column of Diſtance, a 
gainſt ic run over your Table till you find 53 fa 
Departure, and over it you find 32 Degrees fa 
Courſe, and 84: 8, for the N of at 
required. 


c ASE VI. Dj rence f Latitude" and 1th 
| ven, ro Jud Courſe and Diſtance. © 


| 1 Ship ſails between the N. and E. til hel e thi 
of Latitude be 56 : o, and her Departure 35: * oa 
mand the Coutſe and Diſtance. | 

Io ook through the Columas of Diff. of Lore ert 

B _pxrture, till you find 56: o, againſt 35: o, 200 

| "hat you find 32 Degrees for the Conde, ant 

for the Diſtance, « Sc. 
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2 Traverſe Sailing by Inſpeftinn.. 5 1 : 
Vate, You cannot always find exactly the Numbers 84 

'r „ but find the neareſt you can, which will gene- 

deo — Exathne ore common u 
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tawork 4 Here 9 the Tables of Difference 
7 JL and Degarrare.. e 

1 x 


HIS is the princi cipal Thing 3 which fs 
Tables are of Uſe, and this Way of workin 


erſe is equal to the beſt for Exadbnef: 7 — 
expeditious, and therefore I have o 

d Traverſe Sailing in the Geometrical Par here-. 

6 being too tedious for Practice at Sea. 

all inftange in Queſtion the firſt of Traverſe Sail. 
. mg, a Naher the laws here by, che 


E. 
4 


Your * #\ 


Ship fails 8 SE.! 30 „Mie 3 N. B. 5 N. 40 | 

, then E. by N. Mile, eben N. N F. | 

E the Courſe, Diſtance, Pifference of Lak 
nd Departure, from the 'Place fail d from. 


„Make a little Table with 6 Columis, as you 
the following —_ OS 30 
e firſt is the Courſe, 
e ſecond the Diſtan dee. 
e third the Northing. 
e fourth the Southin ng · 

e fifth the Eaſting. 

fit the , 


2 e nail b pen. d 


8 fo CIVIL 5 Met tha we urid d 


TY DIY 1 ef I bd the Ama 
and Departute to Every Chitſe, Aud (et chen in 
roper Columns; 4s Where che Cotrſe is Nort 

et the Difference of Latitude under "Northing, 


"the North Column; and where the Coutle B 
3 1 ſet the Difference of Latitude i in the Sout 


A whe the Couthe is ; Eafterly; ſeb'th 
4 the Ealt Column, arid when the Cl 
ly, ſet the Depaftute in the Welt & 
| (then 5 * Ap: Column by it TIF, ful 
rth and ns, the greater 
* the Remainder i Ache Northing or South 
. . Alfo ſubtract the E: 5 and elt Col a 
bigger from the leſſer, the Remainder i 1 ol ; 
or Weſting made good; then have ou Diff 
Latitude and Departure given, to to find che 
Diſtance, by Caſe VI. 
In this Example, the firſt Cuntz is. 83 i 
Miles, or two Points 30 Miles; for which, We Dc: 
1 find the Difference of Latitude 27 17. nc 


Courle dang * * and aft Ip le g0 


KEN 


i - 
* 


— a * 0 0 A n = 
A 4 . 
* 4 * L * 1 


e dh South Cann Wr. 
virtue 11 78 it the an Selene, Raving's 


as 


to be placed in ae North- Column; and che 


aſe is ween the North and Eaſt. 
Then the third Courſe. being B. by N. or 


or 7 Points, 


the North Column, and Departure, 20 57 in the 
Column. | dans 17119 


Eaſt Column and then addin up each Coluinn; 
Sum of the Northing Column 
of the South. Colne: is 27 75 Jbich ſubtracted 


Difference of Latitude made good, which is Nor- 
ſin the dum of the Eaſting Column is fy : 0. 


is the Eft ing made good. Thus you have the 
thing, 51 : x. and the gy wg 75: 6, ven, 
find Course and Diſtance, by Ce VI. end al- 
ch you cannot find in the Table the exact Num- 
of 5t : 1, and 75%: 0. together, yet find the 


ch, at the top „Jou find 24 Degrees for the Coutſe, 


* by N. * 19! Eaſtely, and the Diſtance 
ies. 


vyboſe Courſe and Di 
mis given, find thereby the Difference of Latitude 


nac the Difference of Latitude and Departure, 
le good, (if it be the leſſer Number, or the other 


* * 8 "> SV) MY n aaa. 
* * F x6 


Miles, J place my Difleren6e of Latirdde, 24": 9} = 


And ſo for the fourth Courſe, N. NR. ches 
Miles, I place my Difference of Latitade, 40: 6, : 
the North Column, and my Depoerture, 16 : 8, in 


78: 3, And the. 
n the Northing. 78: 8, the Remainder; 1: 1 is 
;, becauſe che Northing was the greater Number, 

gels there is po Weltiig o ſubtract from We 


eſt you can, Which is 55, : 4, and 50 , ber 


ut if you have à Place  propet pos d chat you ard bound 5 
nce from che Place faild 


Departure to the Place bound for, from which | - 


2 | | from 


1 N 

= mr 0 
> - 
% %s A 


1 
- * -£ 


: 
. Fa F 1 


3 
+ . p 


x and Weſt Colutnits bank ©. 7 91 Ck A 
Then for the N. E. by Nor 3 Points 
Miles, here my 20 bf ov ary . 


De 


ture, 22: 2, in the Eaſt Column; bead wn 
1938 T6233 1 ö 


© | fromit, if one 28 


f * tute from the Ship to the place bound for, by 
__ Feu find the Gourle and Diſtance b —_ ce 9 


; R S the Place . for, c. 


. + , p 9 n N N 
» 8 « 27 enn Ly + "x = N 4 
7 _ = Y — . . 4 - . il K. 4 
- >» '£ 1 * 
N » * * " Y 
« 4 9 


* FE es "Trove * 5 ee Chal 
1 bg che greater Number] 
Remainder is the rence of Latitude and Dq 


Example. In the firſt Queſtion in 
5 Carte there is a Place 8 to je, 100 
diſtant 120 Miles N. E. E. the Difference of Lai 
for that Courſe and Diſtance is found by cr 
| 2, and the Departure, 92: 8. Now dhe 
Yee? mac of Latitude made good by the Ship being 
I: 1. if ſubtracted from the whole Diffeteng 
Latitude to the Place bound for, 76: 2, it l 
that the Remainder, 25: r, muſt be the Difler 
2 1275 tude from the Ship to the Place houndfor, | 
| ai made good by the Ship, 75,70, 
* 1 from the whole Departure, La d 8, the] 
| r, 17: 8, is the Departure 10 
tt » Pore bound for. And 4 18 2 have the Dif 
of Latitude, 25 + 1, and the Departure, 17 
255 the Courſe and Diſtance by Caſe VI. and then 
eſt to theſe two Numbers that can be found is 24 
and 17: 8, over which you have 35 deg fe 
Courſe, and againft it, 31 Miles for the. Dilla 
viz. N. E, by N. 1* 15. Eafterly, 3x Miles ki 


But ſuppoſe the Difference of Latitude made 
by the Ship were more than the Difference of 
tude to the ! Port bound for, you muſt ſubtract ths 
ſer from the greater, and the Remainder is the ij 
rence of Latitude from the Ship to the Port, but! 
contrary Denomination,” which e Ja 
that it needs no Example; for if a Man, inen 
travel to a Place that bears due N. from him 12 
if the Man travels 15 Miles due North, his Ca 
from thence to the Place bound for is South 4 Mk 
| _even ſoif a Ship intending for the Port afore 
whoſe Difference of Latitude is 76 2 North, 
Departure 92 : 8, Eaſt, ſhould fail \berwew 
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1 * £ N . 4 | \ 9 * > . 
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" Fi 1 5 Eee 885 
* 7 af, eil ber Difference of Lauer be 
erk, and Departure 25 3% East, dis plain he. 
he men of her Port; becauſe ſhe has gert 
Difference of Latitude Northerly ; and ſhe isal-. 

the Weſtward, of her Port, agg wok ſhe hath « = | 

> much Departure Eaſterly:; and therefore ſup - 
g the bigger 1 of Latitude from - 4 
ie Remai 7 8 8, is the Difference of ul / 18 — 
Southerly From the Ship to the Port bound for; 
he Departure, 7: o, ſubtracted from the whole 
ture, 92: 8, the Remainder, 17: 8, alan e- 
e Eaſterly from the Ship to the Fon be nd for, 
1 this Caſe the Courſe and Diſtance. 10 be 


iy 0 N 78. 29: F " Miles, 


i x 


£4 
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bend — % a Ah 
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p * 75 * 0 . r * Py | 9 
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b Ithe Di rence itude 4. Toh 
* Tr; of leres bY 4er 


Aving « one Latitude, Courſe and Diftiacs: giren, 
or both Latitudes and Courſe, &c. you may 
he reſt according to Plain Sailing, by the fore - 
g Rules, which being done, find the middle La- 
eh (always oblerving that Caution, to take a La- ' 
rather too big than too little, where the middle- 
* N exactly de bad without a FraQtion) 
the Ru Bra 
nd the Complement of middle Latitude among = 
1477 at the Top or Bottom of the Table, 150 
it, (if you find it at the Top, or above it, if 
ind it at the Bottom) in the Column of Depar- 
> find your Departure, and right againft ir, 1 
x umn of nel is che 6 P of L 
\ a 


© % 
Wi * . > 1 


Abe e 
„ Sea, for Wort 

Days Rav, or the like, which felge erer f 
60 e ; and therefore I ſhall recommend 7 
the Learner, as the moſt expeticious Mette 4 
| ſufficient F ractneſß for ſhoft Diſtähech; hewew 
bes nn. ſufficient laid down in this Treatife for x 
dorrecting the Reckoning ohe or twice] 
þ | With k, bf which 1 we come to thut pan 
3 Noe, if you think it too much Trouble to ſub 
A 1 the wüde 7 ara Be to find its Ce Upliem 
Von may find the middle Laa IN the! 
____oitey, 7 1 before: and find the Departure in the( 
mtr of Difference of Latitude, and a#alilt i jd 
Column of Diſtance, you! have the Difference oll. 
glrude/as before. e 
I ſhall give an Example or two, and referthel 
der for further Practice of this Method, to thel 
amples laid down for keeping a Reckoning inthe| 
ter Fart ofthis Book, where I ſhall ;lluſtracs this] 

- - _ thod by Example, and ſhew its general Agree 
with as ROY as found by Mercator) a San 


1575 „ 1. A Ship 10 Latitude Lew”, 0 Ne 
fai e Norch-Eaſt Quarter, iuto Latitude 56: 
derte ſo, TI demand Courſe, Diſtance 
Difference bf Lo: gitude. 
See EO ſame Queſtion in Ceſe IV. of Middle 
tude ſailing Trigonometrical. 
Difference of Latitude 50, Departure; 6, the Ca 
will be found by Caſe VI. hereof to 510 Dep 
_ neareſt, omitting the Minutes, and N Diſtance i 
The Middle Latitude is 55 but becaule 
have only whole Degrees, we mu "de either 55. 
grecs, or 56; and becaulce, as 1 ſaid before, tis 
to take a Degree too great rather than too little, 
ſhall call it 56, whofe Complement 34 found in 


Degrees, look under it for * Departure 5 0, 
ne 


g * F- A - 2 q * " 
i. * _ » <4 tu - 
* 5 * 1 9 * 


g. 3. e 5 an., l 
| . to which is 49 : 8, againſt which in 
Hs Column of W 1 find bg f for 85 9 


begebe edel. n 
Example 2, in Caſe V. of Middle Latizde Sailing 


| omettical. | 

demand the G Diftance, and Diktate of 
meicade between two Places, one in Latitude g6:25 

ch, the other in Latitude 58 35 North, their Me- | 


de lian Diſtance 81. — | 
ifference of Latitude 140 Departure 3x5*the 
he WWourſe is found by Caſe VI. to be an Angle of 30 De- 
ee from the. Meridian, and che Diſtance 162, as 

may ſee by the Traverſe Table. = Ke 

fal 
„ which doubled is e | Differetice 1 Longt- 

e required: - ves gle 


Then for Difference of Longitude, the waage 
Note, Althe in oarticalic ee the 10 0 


dae is 50 25, but we tt Call it in ce 
ve ich found in the Degrees; teh nnd 
sri che Clara of 1 0 
e half, 40 J, ok the neareſt to it, e 
1 painſt i it, in the 9 1 Diſtancc, 


No de found this Way differs ſornerimes 2 Minute ot two 
bon that found by Calculation; becauſe we are ob- 
„ed to uſe whole Degrees in Table for Middle Lati- 


de; yer the Error being ſometimes a Minute of ewo | 


ence is not CNA ina £190, e ö 


dv much, and ſomerimes as much too little, che * NE 
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1 Plan ling critimeticah, 
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* 7 * ei yo! ; 


Aung n finiſhed al the 7 and Ul 
; Navigation in the foregoing: Book, accord 
Ito the Method commonl Gag ag ral | 
ed both at Sea and a-ſhore, viz. by. a Canon, of 
© Fgarithmical Sines, Tangents and nl {roget 
| with the Help of the Logaritmwot Natural Nu 
3 my next Work is (according to my Prot iſe). t toll 
how all the aforeſaid. Kinds of Navigation mayt 
_  compleatly- performed without any Canon, only 
the Help of ſome given Numbers; whigh {hall el 
ſerted in their proper Places, which ate of Ule wii 
the Courſe is either given or requi Fed And firl 
| 1 order I ſhall begin, with Plain ings in which! 
+. three firſt Caſes are Sropghte only by che Tahle-off 
ven Numbers, as alfo are thoſe Qi iy by he in the th 
laſt Caſes . the Courſe is required: Hut the 
lution of all Queſtions in Plain Sailing, when two Si 
are given to 2 a third (as Diſtance and Differe 
| _ of Latitude given to find Departure, Oc.) are grout 
—* — upon that known Propoſition in "Euclid, 14 
2 47, viz. That the Square of the Hypotent 
ed there the Baſe, becauſe it is the lon * 5 


coal 


4 a right-angled Triangle, i 1s equal to the 


| 


i. Plain Sailtug Avithmetical. 4 why: We 
j Legs added together. Hence then (che Hypo- — 
2 re ſentin the Diſtance, and che two Legs + 5 a 
ifference of Latitude and. N ik you '. 808 
are each Ly Oar We. | by its elf 
two Sums added together ſhall be equal to che 

re of the Hypotenuſe; and conſequentiy, if from 
Square of the Hypotenuſe you ſubtract the. 3 
1: Leg, the Remainder is the Square of the Scher 
as may be proved by thoſe three known NM um- 
„ 3, 4, and 5, Which three Numbers make a right - 
led Triangle; the two Legs being 3 and 4, and 
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*Y 
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= . 

as * 
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. 
+<? 
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"Tf Hy porenuſe'5-: Now if you ſquare the two Legs, + 
"ics 3 is 9, and 4 times 4 1s 16, which two Squares 
ad 9 added together, the Sum is 25, the Square 
de Hypotenuſe. Again, if 7 the Square 
Hy potenuſe, you ſubtract 16, the Squire of | ©; 
| Leg, there remains 9, the Square of the other 
"— 4: Arid when the Square of any Side is thus 
| d, the ſquare Root thereof (found as is ſhewri in 
eit Part hereof) is the Side require. 
o with reſpect to the given Numbers, if Courſe - 
Diſtance be giver, multiply the Diſtance by the 
ot Numbers, as the Title of the Table directs for 200 
ty rude and Departure, (whoſe Uſe follows in ſeve- 1 
0 Examples) the Sum, abating as many Figures * 
iel Hand as you multiply by, is the Difference 
ene or Departure required: Now if the Hy- , | 
ae multiplied by the given Number produce a 
"88> only two Figures to be cut off the ſaid in i 
n, and two Figures (or Cyphers) added to it, : 


divided by the ſaid given Number, the Quotient 
need be the Hypotenuſe; and if fo, then if-the 
Leg with two or more Figures (or Cyphets) ad- 

o it be divided by the Hypotenuſe, the Quotient. 
needs be the given Number, as is apparently e- 
nt to almoſt every body that have but learned tbe 
Rudiments of Arithmetick, and underſtand (what 1 
ſy dchoolboy is taught) how Multiplication and © 
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1 lese bee, 8 


and N. N. E. + * two Points and u 
Yar a Thing Kod Dig eee 
more Exa W oct 
mae Points os Ped 1 
che Table it is found z for i yon find: 1 
le Hand, then find the of Lati-- 
and * l Bueif l 
find the Denomination of Latiride 
| m— the Bottom; for the left hand Cor 
contains all che Points. under four Pojnes, and 
ght hand Column contains all the reſt of che 
$0 8. Now if che Courſe be found in ehe firſt © 
nn, (viz. leſs than four Points) then the e 
mn is the given Number for Difference of Lati- 
and the third Column is given Numbers to 
Weparture : But if the e be in the laſt Co- 
, (viz. above four Pola then the third Co- 
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2 Degrees, and I deſire to find in the Table, the 


n Number to that Latitude; I look in the Table 


L.] and find 62, and againſt it, under [ Num.] 
id 4695, the Given Number required: But if 
'ould find the given Number for Lat. 59 30“, I 
for the Number for Lat. 60, and find ooo, and 
ig a Latitude between 59 and 60, I look againſt _ 


nder [Diff.] for the Difference, (for the Diffe. 


between the given Numbers for both La- 


de Difference is 150, therefore I take half 
o, becauſe 30 Minutes is half a Degree, and add 
| „ BE 


es is always againſt the greater Latſtude ) _ 


To * * N N 2 Te 5 
— 


1 Parallel Sai Sailing Ati 


1 to the given Number for n 
the Sum 275 is the Given Number for the IA 
300 „ which was required to be kuoẽw n. 
Note, the Given Number for Lat. oo of ij; 
and ſram thence, as the Latitude encreaſes, the 
bers decreaſe, ſo that the Number for Lat. 90 b 
hence the greater that the Latitude is, the ſalts} 3 
Given Number; therefore obſerve always. when 
ST would find the Number to any Latitude confi 
DPDegrets and Minutes, take the given Number g 
1x bigger Latitude, and to that add the proportion 
of the Difference found againſt the bigger Lat 
the Sum is the Given Number e On: 
| ple will make it plain. 
Suppoſe I deſire to know the Given Num 
| Lat. 45 400, the Number for 46 (the bigger Lai 
3 6946, and the Difference 124 one Third of 
=. | viz. 41 neareſt, added to the Number 6945, t 
= 6987 is the Number required. - | | 
hut if you want the Given Number to anyoll 
nutes, which is not an even Part of a Degree, a 
or a Third, &. you may find it by Proporii 
you would be very exact, or if your Queſtion be 
in great Numbers, and the Proportion is, As 60 
to the whole Difference, ſo the Minutes, .whi 
given Latitude wants of the bigger Latitude, i 
Number to be added to the Given Number oft 
| ger Latitude. 

- deſire to know the Given Number for Lataf 
The Latitude 43 24 wants 36 Min. of 
therefore, as 60 to the Difference 120, To 30 
which added to 7193, the given Number for i 
ger Latitude, the Sum 7265 is the Number 

A 43* 24 reguired, 
Note, If yon uſe all the four Figures of the 
Number, the Difference is as it is expretl in 
ble ; but if you cut off one Figure 'or two, 


the * Number to the right Hand, 700 


PF 


"WF, 4 ? * . 


1 * 


. 
255 m any from the Difference, and A 


i che Difference; 'only if the laſt Figure af che. 
ference be 8 or 9, you may add one to the 7 
gure, as in, other org, 9 before-mentioned ; the ROE: 
js evident to them that underſtand Decimals. . 
Example. I deſire to know the given Number 
60 45). Mont off one Figure to the right ha 
ch collateral Number, wiz. Lat. 69, and Lat. 7 
{ then. the Numbers are 358 and 342 and ſeeing 


from the Difference, and then the Difference is 


ren Number for Lat, 69 4 , will be found x 0 de 
5 and ſo in others, 


L are and Hinaus e fo 2 rheir Difference of 
itude. 1 
7 RULE. . 


ſe Figures in the Given Number, and divide by 
Given Number for the Latitude of the Par 
Quotient is the Difference of Longitude. 


Miles, I demand their Difference of Longitude. 


one Figure to the right hand, it will be 642 ; but 
auſe the laſt Figure, wiz. that to the right 
ch I cut off, is 8, I add one to the third, 


s of the Gi Number, 1 add rhree-Cyphers to 


K 4 


o , * 


A NEL 


of a Figure from the Number, I "muſtalſd cur dne 
| which uſed according to the foregoing Rules, he . 


\SE I. Two Ships or „ Place in one Parallel, their 


{ſo many Cypherso the Diſtance as you think | 


deff. Two Ships in Lat. of 50 od, aiftant | 
Lhe Given Number for Lat. 1 is 7 6428; but if I cut % 


n it will be 6 43 3. and becauſe I uſe chree Fi- 


Piſtance, and then divide one by the other, ac- - 
lng to the aforeſaid Rule, and the Work wil ſtand | 
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| Oc if I cut off 950 W the teſt to wat vi 
will be 64, and then I add but two N the l 
ſtance (becauſe I uſe but two Figures of the 5 
Number) and the Work ſtands thus wy 


— 
4 ; 
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found the Given Number for the Latitude, muk 


tical, 


E of Longicude 118, 1 Wen Diſtance. 
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C A 8 E 1 Two Placer in one Parallel, their Lab 
- Difference of Longitude given, to find their "A 


The RULE. 40M p25 
This is only the farmer Caſe inverted ; - for hu 


the Pifference of Longitude by it, and from the f 
duct cut off as many Figures as you multiply by, 1 
the reſt is the Diſtance requir'd ; and thoſe cut offt 
a Decimal Fraction to be underſtood as in the Ri 
laid down at the Beginning of Plain Sailing Arit 


Que ſtion. Two Places i in Lat. 50, their Diff Tera 


643 be! 
118 Lat 
£44 The Diſtance 75 18575 ne 
Mn , 
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: g 1 "Ky ; 
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. Ill. Two Places, their Diſtance: aud: Dif 5,0 
2 Longitude given, to find the Latitude they arti 


Te RULE." 1 9 * | 
1d three or pen Cypher to the Dita and 4. 

chat Sum, by the Diff. of Longitude, the Quo- 
tis the given Number for the Latitude required. 
firm. A Ship fails due Weſt 2750 Miles, and 
— her Difference of Longitude to be 4200 Min. 
nd what Latitude the Ship is in. n 
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4200)2700000( 643 | 
180 4. 7 
1 12000 : 
3600 1 5 


adding three Cypher to the Diſtance, and wor- 
x25 before directed, y ou find the Quotient 64233 
you add four Cyphers, it will bring out rk 
s in the Quotient, wiz. 6428, which found in 
Table, you find it againſt Latitude 5o, which is 
atitude of the Parallel required. wy 


8E IV. Two Ships ſailing direct iy North or South, | 


tir Diſtance in one Parallel given, to find ; Pi. 
ance in the other Parallel. 


The RU L E. | 
ind the given Nambers for each Latitude, and fay 
he Rule of Three: As the 2 Number for IT. 


Lat. to the given Number for the ſecond Lat. ſq 


3 in the firſt Latitude to the Diſtance in the 1 
nd Latitude. 


* 0 * uy * . 4 43 8-1, 9 "II n 
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* 3 3 b dis in 125 6 10 
- 200 Miles, ſail boch directly North into Ln 
I demand their Diſtance in that Parallel. 
Here we ſhall uſe but the two firſt Figures of 
; given Numbers, becauſe the third Figure in « 
| going Rule, 


ber is but ſmall, vis. 2: ne dyek 
| A64to 29, fo 200 to the Difane in La 


T 


% of, deco 
200 

— * 
5800 : 


Their Diftance in Lat. 72, is +, or Gi you 
avoid Fractions) 108 Miles. a go 
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a CASE V. Tos Ships is ove Pall with this 0 


1 N 

In that Parallel given, and Jailing both directij N 1 

Siaͤsutb, with their Diſtance i in the Parallel Kann =_ 

. to . the . come to. all 
Wr RULE. * 


2 "This 1 only the former proportion (in Ca 
_ - inverted, viz, As Diſtance in one Latitude, to 
3 Diſtance i in the other Latitude; ſo the given Nut 
1 for one Latitude to the * Number or the ( | 


Latitude. : 


1 Nueſtion. Two Ships in Lat. 5o, diſtant 200M 
| ſail both directly North, till they are but 91 Milk 
ſtant, I demand the Latitude come to. 

As 200 to 91, fo 64 to the given Number fr 


| Owe: come to. 
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The Quotient 29 is the ewo firſt Figures of the 
Number for the Lat. come to, viz. Lat. 730 00. 


„ r _—. 2 l a ai 4 4.24. ea . 
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Middle Latitude Sailing Arithmetical. 


all Caſes or Varieties, where the Courſe, Diſtance, 
ſſerence of Latitude, and Departure, are Terms, either 
ren or Required, the Operation is performed by 
 fickt Table, as in Plain Sailing; but when Difference 
ngitude is a Term in the Queſtion, (whecher Gi- 


ear by the following Examples. 
MY fd the otber Latitude, Departure, and Di ference of 
ile Longitude, 


as 


* 1 J 


- 
ww 
8 


N working the ſeveral Caſes and Queſtions of _ 
Middle Latitude Sailing, we ſhall have Occaſion to 
le Uſe of both. the Tables of Given Numbers; for 


by Courſe and Diſtance find Difference of Latitude | 
Departure, (and conſequently the other Latitude, 


* + 3x4; * p s a" a by $ _- ” bh : . * 4 ko ; 2 2 
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or Required) the ſecond Table is of Uſe, as will 


ASE I. One Latitude, Comrſe and Diſtance; given,  * 
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as in CaſeI, of Plain Sailing Arithmetical ; and tha 
the Difference of Longitude, it is found by the (6s 
Table, thus: Find the Given Number for the 34 
Latitude, of which you may ule two, three, orf 
_ _ - Figures, according to the Rules laid down at the 
grinning of Plain Sailing, and alſo at the Beginning 
Parallel Sailing Arithmetical ; then to the Depattum 

' fo many Cyphers to the Right hand, as you inten 
uſe Figures in the Given Number; that Sum din 


g ; bo by the Given Number, the Quotient is the Longi 
= Nee 1 ! 
Dueſtion. A Ship in Lat. 50% o North, fails 


W. dy N. 987 Miles, I demand the Latitude g 
ö to, with Departure, and Difference of Longi 108; 


For the Difference of Latitude and Departur! 
=. the firſt Cæſe of Plain Sailing Arithmetical, 

1 Diff of Latitude. Fu Departun 
* | { . ; g 987 | i . — 987 | 
1 0 : 83 . : 16 


_ 2961 5922 
A Ren ha 2828. 4938 k 
3 819/21 5 +938” 


. 1 354892 
Although the three firſt Figures of the Given N 
ber to find the Departure for that Courſe be?555,! 
the laſt Figure being 6, I cut it off, and add one! 
third Figure, and call it 556, as in the Qperatiol 
bove, and ſo the Difference of Latitude is 819, & 
ther 820, and the Departure 549, allowing one 


* 


the Fraction : 5 
„ Then for the Difference of Longitude. 


The Diff. of Latitude being 820 Min. or 13'4 
the- Latitude come to is 639 40', and confeques 


» * 4 * be " * _ * a 
" © 4 * N . V, , 0 4 * 2 a - R 
* —— * - «of 


475 Latitude is 6 5of „the Given Number for 
Latitude (found by the Rules laid down in the | 


re being 2, Cypher, I cut it off, and work with 


che BY ret, as in the Rule OR and the n 
ning ds thus: i 55 

at. )r49000(1003 The Difference of e 

nd «+ 2009 _ Ty Min. or 169 had Welt. 

ng n f | 

ſaik SE II. * Both Land * Col give, to ofa the 
Þ J e "and Difference f Longitude a b 


— 
. 


LAY; The R UL E. | 

P the Diltancs and Departure, as in Caſe the 
nd of Plain Sailing Arithmetical, and then find the 
rence of Longitude, as in the ficſt cans of Mid- 
Latitude Sailing Arithmetical. 5 

te, In Middle Latitude Sailing e this 
of finding the Longitude anſwers in all the Caſes 
ef, and therefore I ſhall not need to mention it 
ke reſt of the Caſes. 

Queſtion, A Ship takes her Departure frond St. Abbs 
id in Latitude 56* 25' North, and fails N. N. E. 
be finds herlelf to be by Obſervacion in Latimade 


7 


Departure, and Difference of Longitude. 


| * Difference of Latitude! is 120 05. or 725 Min: 
, \ | 


"= * the Diſtance. For tbe Departure. | 
| ' 924)725000(784 788 
7820 283 
4280 | 2355 
584 | 6280 
* e 
nent 


3001655 N 
2 The 


. MAE Lat. v Sali 1 a 1 [ 4 


inning of parallel Sailing) is 5 70 ; - but the aft 


30 North; I demand * Diſtance fſail'd, with _ 


/ 


— 


WT | Mille Tet Selling, ithmetital. (1 
| The Middle Latitude, 62 28, 5 8 1 1 
Pe he Given Number for 629 2551 is CO k i 
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The Diff. 785; the Departure zor; te Ni 


"Then for Difference f. Longitude. 


4620301000065 
OT eee 
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1 


Longitude 6515 Min. or x0* * Eat. 


CASE 


8h 


Find the Courſe and Departure, as 


III. Both Latitudes ond Diſtance | 1 
11 the Courſe, Departure, and Difference of Lin 


The RULE. 792 


* 5 8 "OE 
o 


4 


as in Coſi 


Ii Sailing Arithmetical, and the Difference off 
gitude, as in the other Caſes hereof. 


Queſt ion. A Ship i in Lat. 552 oo Calls b Detwee! 
North and Eaft 86 Miles, and they finds herſelf bi 
ſervation in Lat. 56° 100, her Courſe, 9 


Difference of Longirude, i is required. 


For the Departure by the 1 ma.” 


36 


bs 


70 Square of the Diftance 9396 
70 Square of the Day 490 


4900 Diff. of the Squares 


- 


20 
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- 7.0 The Departure [50 neareſt; becauſe - 
* the Fraction is more than ons. 
Nos by the general Rule in Cafe V, of 
$0r Plain Sailing Arithmetical, A | 

N * 5 1 2 
the Difference of Long. For the Courſe: Ge 


Midd. Lat. is 55 35%. 86)70000(8 13 
Given Numb. 5652. 120 
Noos D 2. 
4800 | 1 82 
280 X 


5o ; the Courſe N. E. AN. and the 
ence of Longitude 88 + fere. 4 


SE IV. Both Latitudes and Departure given, to 

the Courſe, Diſtance, and Difference of 8 ; 

| The RULE, ' | 

ca the Courſe and Diftance by Caſe VI of Plais 
7 Arithmetical ; and Long. as in the other Caſes. 

Rim. A Ship in Lat. 55 go! North, fails be- 

n the North and Eaft into Lat. 56 10' North, her 

ture 30 Min. or Miles, the Courſe, Diftance, 

difference of Longitude are required. 1 0 

e Difference of Latitude is 70 Miles. 


For the Diſtance by the ſquare Root; 


50 $q.of Diff. Lat. 4900 7400(86 
Square of Dep. 2500 64 | 
2500 Sum of Squares 7400 166) 1000 
1 33 
For  \ 1.3 
| 


| 4 given, and Departure required, the Operation 


The Mid. Lat. jy 
| The Give Num, 1 
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The ihne 86; the Courſe N. E. * the 
of i 88 + Min. or L 28' Eaſt. 


CA 8 E V. Both Latitudes and vi " 
"Bows, fo v fs Courſe, Diſtance _ Tn 


The RULE. -\ | 0 A 
*** all Caſes where the Difference of Lionvit 


[ 
the Inverſe of that for finding Difference of l 
tude when Departure is given; for if the Deni 
with Cyphers added to the right hand, and divid 
the given Number, for the Middle Latitude, 
- the Difference of Longitude; then the Differ 
Longitude, multiplied by the Given Number 
Middle Latitude, muſt needs produce the Dept 
with Figures to be cut off; becauſe any Quotien 
tiplied by the Diviſor producerh the Dividend; 
fore, to find the Departure in this Caſe, multi 
Difference of Longitude by the Given Numberlt 
Middle Latitude, and from the Product cut off 4 
ny Figures to the right hand as you multiply by 
: the reſt is the Departure; thus having Diltered 
Latitude and Departure, find the Courſe and Dil 
w in 2 VI. of Plain Sali ann, 1 


- My = 


% 150. Min. or 230. 


ber 7384, 
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te Courſe. 
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| For the bee. N 
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= the other Latitude) by-Caſe III of 
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; CASE VII. One Latitude, pi ws 
Fo $8,  Liven, to find the reſt. 


The RULE. ca ; 


Find the Courſe and Difference of Tatfol 
Caſe V of Plain Sailing Arichonetical, and Diff 
ts Longitude: as before. 1 | 
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L given, to find both Lui and Dif 


N. RULK 


Find Diſtance and Difference of Latitude bf 
III of Plain Sailing Arithmetical ; then divide 
 pParture (with Cyphers added on che right Harne 

the Difference of Longitude, the Quotient ũ n 
ven Number for the Middle Latitude, pal te 
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5 8 chen find ference of e x 
Caſes. - | 


© A 8 E xX. cafe Diftence a die F 
| \itude given, to find both Latitudes and "AY 


e eee 
3 Find Difference of Lat. and ates 4 | 
Plain Sailing Arithmetical, and then find Middle] 
we? oo conſequently both BOOTY by n | 
her BOW | | 


uy 


g 8 


: * 
1 e e 


] . 0 AS E XI. Courſe, Difirence if ad 


Ty ond 10 IS 
0557 122 fe; ITE bn . 


Find the Diſtance and Departure by C4 
Plain Sailing Arithmetical,, and then find Mil. 


tude, and OO boch Laticades , by 51 
' hereof. 08 | ERS 


0 A 8 E XI. Aide Latitude, 1 ad Di 
of Longitude given, to 935 both e 1 
#/ Pere. | 


N _ ” FP EE 8 * "RT — K 
** : : - F Y * ' 5 
Pr. * n. en ein "PF : 4 * % "% « 34 
2 0 "7 * , © N 19 
- 4 4 1 . 1 1 0 * - 5 * 1 Ts oy PY . : 
mY” 9 c «4 ; a , 4 PLA . ; Le f 
1 -3 . © E414 * o ans l * w* F * , " : 
U . . . * 1 * _— 
J. Middle Lat. Sailing Arit | 5 
.v .* ' 1 1 N . — 6 
* " [-4 » Ci 
} * R 8 0 * L n 1 1 * ＋ 4 . 37h 
. ww» | PDA N ern 4 FR. £ LS . 1 . N 
" = ** J 7 1 : . Y % Sa 1 4s * bi 7 K 7. "y — W . vow . | * bl 
« "4+ & 4 * 8 1 * * ere, 4 : if c 
* * 5 1 A , * 5 
ö ern” 4 94 R ” 'E, 7 4” {i . : 
+ 42 *, . | Nee I 4 
i "Yo IS OLA - tac Fd} 9 0 5 4 
| . «x : 1 f 4 * N : [ * | £ - - Fay 4 1 1 a N . * * 8 a : m ” * : * ; F * 1 
p * - . { Iti - 1 Di | 'of of 42 CIS 4 
. For the Departure multiply the Difference of on- 


ude by the Given Number fox the Middle Latkude,: 
from the Product cut off as many Figures to the 
ke Hand as you multiply: by, and the reſt is the 

arture, and thus having the Courſe and Depar- 
„ you may find the Diſtance and Difference of 
tude, and (by the Help-of Middle Latitude) both 
irudes, by Caſe III of. Plain Sailing Arithmetical, _ 


SE XIVA., One Latitude, Departure, and Diff. 
ne of Long gives, to find thy other Latitude,  * 4 
arſe and Diſtance. (1 4 

DIS; Up 176 0 TOS 


ind the Middle Latitude by Caſe VIII hereof, and 


boring one Latitude, and Diffetence of Latitude, 
it other Latitude is eaſily found; and thus having „ 
"I 1 :ticudes and Departure, find Courſe ang{ Di- 


; by Caſe VI of Plain Sailing Arithmetical. 


— 


nd thus T have gone thro' the Thirteen Caſes of 
we Latitude Sailing Arithmetical, where in the ficſt 
aſes, in which there are Queſtions propoſed and 
ght, I have ſet down the very ſame Queſtions 
that are in Middle Latitude Sailing Trigonometrical, 
the Reader may ſee the exact Harmony between 
{rigonometrical and Arithmetical Operations, and 
quently, may be convinced of the Truth and 
nty of this Way of working, ſo far as Middle 
d: Sailing is to be depended upon; and although | 
e Latitude Sailing deviates ſomewhat from er- 
eſpecially at a great Diſtance from the Equino-— 
or where the Queſtion is propoſed in gteat Num- 
Jet it may be of great Uſe in keeping a Recko- 
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- Inſtrumental Operation, that few that are in 


ning; becauſe, in a ſingle Day's Work, (Weich 
dom exceeds 30 or 40 Leagues) the Difference is ſan 
- Giſcernable ; and always obſerve, chat if through 
 Exadtly to a Minute, take rather à Latitude too 
than too little for Middle Latitude, and that willh 
ſen the Error, as I hitited in é Lin 
 Trigonometrical, Caſe J. 
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tion; for that would make too large aPar it 


; Trigonometrically, Arithmetically, &c.) may be 
_ Inftrumentally, vix. by Scale and Compalles; anl 
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Plais Sailing Inflrumental. 
V Intent in this Section of In/frumint 


. gation, is not to write a large 'Treatill 
the Inſtruments that are uſeful in N 


mall Treatiſe ; but I ſhall here few, how l 
Propoſitions. in Plain Sailing, Mercator, r. ( 
are in other Patts of this Treatiſe folved Gu 


I fhall confinemy ſelf only to the Uſe of Gamer's 
it being an Inſtrument ſo common atd'expetiti 


Li 


to improve themſelyes in the Knowledge vi M 


* 


0 "phe aſtrumental, 2 Y 
, go to Sea without them. In order bs he Highs 5 
nderſtanding of which; iris neceſfary, rt, o gire 
heſcription of that Part of che Scale which ſerves - — 
oy ONLY and then proceed to the Uſe " 


The firſt Line next the Top, „ - commonly Fray % 
N is the Sine Rumbs, and e's humbred I, 2, 3,4, _ 
6; 5, and ends at the Braſs Nall with-8, which is 
dias, becauſe 8 Rumbs, or Points of the Qompaks, * 
rs of the whole Cirdle, and therefore equal! 


The Lo ke TH Line wurbed T. R. is the Tangent Rumbs, Oy 
this Line is numbred 1, 2, 3, and then at N | 
{ Nail 4, the Tangent of 4 Points, or 45 Degrees, _ - | 
g equal to Radius, and then proceeds back to-; 
k the left Hand with 5, 6, 73 the Tangent of 8 
s, or 90 Degrees, being infinite. 
eſe Sine Rumbs and Tangent Rumbs, ace oy 
lin! tion; The Sine Rumb, or Tangent 
nb, den only the Sine or Tangent of the De- 
; and Minutes anſwering to thoſe Rumbs: Thus, 
uſe x Point of the Compaſs contains 11 15), 
for the Sine of 1 Point is equal to the Sine of 
5, &c. Alſo 3 Points are 332 45; therefore the 
of z Points, in the Sine Rumbs is exactly againſt 
ine of 3 3 45 in the Sines, and the 8 of 3 
$15 0 againſt the Tangent of 33* 45 | 
175 Line being che third in order, . 
J ische Line Numbers, which is numbred 
1 lefe 1 with 1, 2, 37 45 57 6, 7. 8, 93 3 
3» 4, F, 6, 7, 8, 9, 10. The Diviſiohs at 1, 
. being the greareſt, and growing leſs towards 9, 
Theſe Divifions being divided each into 10 
and every one of theſe again ſubdivided where 
will permit) into To Parts, and are thus read : 
u call i at the left hand 1, then the next 2 is 2, . 
on 3, 4, 5, &. to 9, and the 1 on the Middle 
the next 2, 3, 45 Et. is 20, 36, 4, Ge. 
L 4 and 


wed 1 * * 4 a 
* * ” * 
4 8 
_— * 4 
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| 18 and the 10 at the right hand, is 100, and ls | 

I in the Middle is 10, and the 2 is 20, Oe. then 

one of the 10 leſler Diviſions between, x and 3 
bus 1 being 10, the next ſmaller Diviſion 1s 17, 


2 for 20, and z for 30, and ſo in the reſt: 


- the Middle5-200, and 10, at the Te 


and chen every one of the leſſer Diviſions, Wit 


'fion (which before was called 11) is now 110 
the next where the Braſs Nail is, 120, Ce a1 
every one of the ſmalleſt Subdiviſions is 
Thus ſuppoſe I would find x25, on the Scale Is 
in the ane; (or at the left hand) 100 and « 


the Braſs Nail) and then 5 of the 1 4 K 
required; 2 little Practice will make it a/ 


Hand [Sines], and numbred from the left hand, 
3, 4, F. 6 7, 8, 2, 10, 20, 30, 40, 59, 
and between 20 and 39, &c. being each 1 N 


are divided into 4 Parts, each Part is 17 M 


there is commonly a Braſs Nail, as at 13 08 f 


which chere is ſeldom Ule made in Navigation 
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the next 12, where there is commonly a Braſs} 


But if voa make 1 ar the lefe Hand 10, then 


i 


d 3510 


fore was reckoned 1, is now reckoned 10, 1 
the 1 at the Middle being 100, the next ſmall] 


jag 2 of the ſmall Diviſions further (which 


there I hold my Compaſſes, it bei 
The next Line is the Sines mark 'd at the 


80, 90; the longer Subdiviſions between 190 


but the Degrees under 20 are ſubdivided into 61 
each Part being 10 Minutes; and where the 


Thus ſuppaſe I ſeek the Sine of 23 zol; firſt 
and then count 3 of the bigger Subdiyifions, wil 
23 3and then 2 of the ſmalleſt Subdiviſions jor 40 
(becauſe the Degree is divided into 4 Parts) 1 
is the Point repreſenting the Sine of. 24% 364! 
of Number rs. e 
The next Line is verſed Sines marked [. 


| | 


Che next is I ; ae right hand © 
1. J they pr from the left hand to the right, 1 
11 to 4, and then back to the left hand towards 1 4 
the Subdiviſions are underſtood in all Reſpecte, as 2 
ſe of the Line of Sines, and therefore need be no 


' ” wh 
+} # 8 
* 3 


her explain d. 30 | Wh 


ibis Scale, and a Pair of Compaſſes, may be 

ned all the Propoſitions in Trigonometry 3 
in in all their Parts. As they are ſolved elſewhere in 5 
; Treatiſe by Geometrical Conſtruction, and by A=. _ 7? 
metical Calculation, fo here I ſhall ſhew how the 


— 


o 


® . 


be ſolved by Inftrumental Operation; and her, 
erer the Queſtion be, the Proportion for an- 
ning it is the ſame as in Trigonometry,by\Logarithms, © 
s 20d Tangents ; only whereas in Naturel Num - 


me Operation is perform'd by Multiplication 

| Diviſion, (when threg Numbers are given to fing 
urch) and in Logarithms it is done by Addition 
| SubrraRion 3 ſo here it is performed by taking in 
ur Compaſſes the Diſtance upon the Scale, between 
firſt and fecond Given Terms, and the Exerne 2 
Il reach from the third Given Term to the: fourth - 
n required 3 but becauſe, if the ſecond Term 
e the lame Proportion to the firſt that the fourth 
h to the third; then the third will have the fame 
portion to the firſt, that the fourth hath to the ſe- 
nd, by Euclid, Lib. g. Prop. 16. and therefore, wen 
firſt and third Term are both of one Denomin- 
In, vis, both Sines, or both Tangents, or both 
mbers, as it happens in moſt Queſtions. in Navi- 
tion, and where the ſecond and fourth are alſo of 
e Denomination,” I would rather adviſe to extend 
om the firſt to the third, and by that means you keep 
ng one Line, whether Sines, Tangents, or Num- 
n; and then the Proportion and Anſwers will ce 
tthe ſame, as by Trigonometrical Calculation. 
And becauſe the Proportions in this manner L £44 
orbing are the ſame as in the Logariththical Operati- 
Ig r ons, 


ö 


; © hs "Plain Selig oſlnwnbabt, 
bone TR not be at the Paint of ane 
the particular Caſes of Plain Sailing, and amen 
as in the Geomettical and Trigonometrical Parts hg * 
but ſhall only inſtance in ſome fc 
thereby e the Learner how all che ceft ns 
- deduced from the Proportions elſewhere laid dt 
e TO: 17 ; [213 0086 1:0 
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wu” 7 1 us ti eee e e , en 
1 CASE 15 Cunſs ad Dine giv, to put 
757 N of  Letirade and e 
1 25 n 2 
= A Ship Nils N. W. by N. 123 Ae 1 160 
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08 0 eres in thi W pan, 
* Proportion is, As Radius to the Diſtance, fc 
_ Complerent of the Courſe to Difference of Lad 
therefore here the Courſe being N. W. by N. 
three Points from the Meridian, its Conplen 
five Points; therefore extend on the Sine Rumbsl 
_ Ragins(rhe Braſs Nail at the End) to ſive Po 
the ſame Extent will reach on the Line of Nui 
* nd to 2 the Diff. of Latitude W 


n * 7 * Thenfor the di, 1 157 i 

The proportion in Tri rigonometry is, "os Bals 
 Diltayee, ſo Sine of the Courſe to Lydon i 
fore extend from Radius to 3, on the: Sine Rui 
the ſame Extent will reach from the Diſtancel 
* of Numbers) to 68, the Dare 
quir 

Note, The ſame t may be performed on dhe Lin 
kn you exten from Radivs to Ss clit 4 


K. 


js 11” _ to a Poihit the 
| Line of Natnberyte 
| extend om Ra as to Lins Se ene 15 
„ J6 15, the fame Extent will redeh frewthe 

nce 123 to the Dane 9 180 
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in Phin . , Ca 1. e 1 
pb of e Ht to find che 8 | 
Nepartiirs ; you ſee In the” Tyr 


the proportion for finding the Di 
Complement of the Cult to the Difference of 
tude, fo Radius to che Distance; therefore t. 
tom Sine Complement of the Conte to Radios, 


le to the Piftan 


yy 


5 A Ship ſails J w. 3. au her e 
airude be 4 Miles, I it * e * 


; then for the 
the be Propottion-; Ac Sine Complement 
Coarſe, to Difference: —— ſo Sine of 
5 ture: extend from 
nen Sine Rumbs, 


| the 
n dn i of he Cour? 1 


4 Numbers from the Dir 
pus 15 0 6 to ch de ee ot 


” * 7 N 1 


+ : | 4 * 4 F 
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nenten Part, 
nee i, A$ 


ame Extent Will reach from che N 2211 +4 
0e. | 
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3 F 156 | Plain Sai g Infiramen ali $. 
_ _ - . _- Inithe like manner are all the Caſes in Play 
and Mercator performed on the Scale, if you og 
know the Proportions, (which you have at lg 
the Trigonometrica Part) and therefore I nen- 
large any further upon it; only this is to he gh 
"that you muſt mind always to extend your Com 
, the ſame Way (whether backwards or forwards) 
nt Extent that you do at the firſt ; that is/ifyoy 
tent from the firſt Number to the ſecond be r 
left hand towards the right, then your fixed Prin 
ing placed at the third Number, the moyeabl | 
. - mult be extended towards the right band allo, ind 
I contrary, unleſs in caſe you have to extend ft 
_ Tangent above 45, becauſe they increaſe ira 
night hand towards the left (as hath been ſaid h 
of which you have ſometimes - Occaſion tomakel A 


q 
ll 


i! 


NS = 


© 
in Caſe VI of Plain Sailing; as for Example, 
A Ship fails between the South and Weiß til 
Difference of Latitude be 80, and her Departun 
I demand her Courſe and Diſtanee. 
The Proportion being, As Difference of La 
to Radius, ſo. Departure to Tangent of the Ca 
F ', therefore extend from Difference of Latitude 
the Departure 95, (which is towards the right! 
' becauſe increaſing, wiz. 95 is more than $0; 
fame Extent will reach from Radius to the Ta 
of the Courſe, 50; and although Radius is at tha 
of the Line, ſo that you cannot extend any fund 
wards the right hand, yet in your extending to 
= the left hand, you muſt count the Degree. that 
= Compal Point falls upon, on thoſe Degrees which 
1 increaſing above 45 towards the left hand; thus 
Cafe, you find the moveable Point of the Compi 
upon a Stroke marked 4olgo, viz. it is either the} 
gent of 40 or of 50; but the Extent from 80 tf 
ing towards the right hand increaſing, , and.yours ling 
Point being placed in the ſecond Extent at RU 
viz. Tangent of 45, you muſt account the ſeconds 


increaſing, .and the Tan | chat 25 above e 9 
— is the Anſwer o-your Quiflion trend, F 
with the Help of Plain Sailing Trigenometrical for 
the Proportions till you have chem by heart) 
de ſufficient for Plain Sailing Inſtrumental. ee 
Fra COLDLT: 2 / e 27 41 Wot. 99295 
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Mercator”s Sailing, as well as in Plain Sailing the 
coportions are the ſame as in the Trigenometrical 
and may be learn'd in Mercator's Sailing Trigons- 
4; but becauſe my Deſign is to ſhew how all 
ſes hereof: may be ſolved by Scale and Com- 
„ without Tables, I ſhall firſt ſhew.how the Me- 
nal Difference of Latitude may be found by the 
a Compaſſes, both Latitudes being firſt given 
13 £1 TEM . N oo 
here is upon the Scale 2 other Lines, beſides what 
we yet ſpoke of, which are next the lower Edge 
ale ; the firſt of them next the Tangent Line 
Meridian Line, marked {| Merid.] and the next 
loweſt is a Line of equal Parts, marked [ Eg. P. 
are of Uſe for Graduating a Aercator's Chart, (of- 
more elſewhere in this. Book) and alſo for find- 
the Meridional Difference of Latitude. The e- 
parts are Degrees of the Equinoctial, and ev 
lion, or Degree contains 60 Miles, or Minutes; 
hence every 10 Degrees mark'd 10, 20, 30, C . 
ains o Miles; but the Degrees of Latitude growvw- 
larger towards the Poles, in a Mercator: Chart for 
ung the ſame Proportion to the Degrees of Longi- 
„ that they do upon the Globe, every Degree, 
er the Pole, contains ſo many more 3 Vin 
les, 


* * 2 3 5 
7 * * n o Wa 9 — * 


4 q * 1 6 9 x ” 
A * * * . N ; 1 #4 PL. V9 7 
F 1 . \ N 1 * 93 TY 
n 5 12 * — * 
> * — — * > l 
1 * 1 Z * 
x. - * * 
— 


13 Mercator" Sailing Le 
Miles, according as the Degrees of Latitude up 
Mi-eridional Line grow larger, as the Latitude ig 
ſes; hence, to find the Meridional Difference d 
7 titude, when the two Latitudes are given orf 
Extend the Compaſſes between the two Giten 
rudes on the Meridional Line, which done, app 


n ons ee ee ge 
| 10 Degrees 600 Miles, every Degree 60, Und | 
| half Degree 30 Miles; &c. you have the Meridi 

4 55 of Latitude between the two Place, 
E- Jo may find what is required, and an{wer,yourf 
tion Inffrumentally, as well as Trigonometriealh, | 
de carefull in the Operation. 1 


Example in Mercator s Sailing, Caſe I. 

_  AShipin Latitude 50%00' N. ſails. N. W. by 
Miles, I demand the Latitude come to, and N 
Langitu de. eee 


N, 


* 2 7 = 14s. 


According to the former Directions, exten 
Radius to Sine Complement of the Courſe, (vis 
the Sine Rumbs, or 56 15' on the Sines) the 
Extent will reach from the Diſtance 989 to Dilly 
of Latitude 820 Miles or Minutes, or 1340, 
added to the Latitude ſail'd from, finds thi 
titude come to 63 40''; then to find the Merid 
| Difference of Latitude, extend the Compalles 
the Meridian Line from go? of to 630 400, that I 
= applied to the equal Parts, accounting (as bei 
3 rected) every 10 Degrees for 600, and each UN 
I for 60 Miles or Minutes, will be f und to be 
the Meridional Difference of Latitude. Tha 
Difference of Longitude, proceed according (0 
Proportion in Mercator Sailing Trigonometricd, 
- viz. Extend from Radius to ths Tangent l 
Courſe, (viz. 3 on the Tangent Rumbs, or 33 
on the Tangents, the ſame Extent will reach 
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5 2. Mercator's Sailing Inj} tal. Nia 
Meridional Difference of Latitude 1522, to the _— 
ference of Longitude 1017, and ſo in others. _— 
7 Caſe II, where both Latitudes and Courſe is gĩi- 

the Diſtance is found as in Caſe II of Plain Sailing 

amal, and che Difference of Longitude as in. 

| hereof, which is ſo eaſy, that it needs no EEx 

SE III. One Latitade, Courſe, ayd Difference of 
meitude giver, to find the other Latitude and Di 
Ship in Lat. 30 North, ſails. N. N. W. till h 
rence of Longitude be 7 Degrees, or 420 Min; 
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mand as above.” 
nend from the Tangent of the Courſe, two P ints 
adius, the ſame Extent will reach from — 
ce of Longitude, to 1014, the Meridional 
nene of Letide .. „„ 
abe the Meridional Difference of Latitude 1014 
the Scale of equal Parts, then with that Extent, 
one Foot in Lat. 50, on the Meridian Line, the 
r will reach to 59 400, the Latitude come to- 
kn for the Diſtance extend from Sine Complement 
e Courſe (6 on the Sine Rumbs, or by 30 on the 
s) to Radius, the ſame Extent will reach from the 
xr Difference of Latitude 580 to 628, the Di- 
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ce required. 
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n E . for Lata all the reſt 
. Caſes, both in Mercator and Parallel gui 
" © in Middle Latitude, may be ſo eaſily ede 
the Proportions laid down in the Trigondinetrical | 
ttmat I need ſay no more about them; only in the 
/  firumental Operation, where a Tangent i 1s requi 
”,, the Endof the Compaſs will ſometimes fall ben 
cqmhe End of the Line ; as ſuppoſe the Propoftion | 
1 A Tangent 5 30 'to waer 7 E 
42 40% to a Tangent require n 1 
= — the firſt Term 21 30l, to Tang 3 
= the ſame Extent will reach from 42 407, c be 
1 * iN the End of the Scale ; but to remedy this, - extend. 
3 Tangent 21 30, to Tangent 37 20ʃ, then with 
Extent, and one Foot in Tangent 45, extend d 
ther back towards the left hand, and where 
$ Xp - | Uights, keep it fix d, and cloſe the other to thed 
Term, viz. Tangent 42 40, then with this El 
And one Foot in Tangent o 45, the other willid 
on Tangent 6045, the Tangent requit d. 
As for Traverſe Sailing , it being compoundedt 
veral Queſtions in Plain Sailing, I ſhall not new 
ſpeak of it in this Place, ſuppoſing that by what z 
| ready laid down in this Section of Inſtramentsl 
* 258. the Learner will be able to make Applica 
1 * Occan ion requires, without any further! | 


Ll 
o wel 


uy uw 0 * q * * 9 " .f 23 
* p * 0 11 Ei Pp — " >. 
2 * : - 
_ „ 7 1 9 LF 4 
* bs « 8 4 - l D « 
# 4 . 4 * 1 „ % 
. 8 L 3 < 4 1 N 
= \ > . 1 . 
; - a — N " * . 1 — WM, 1 * 
- . . : 
” 5 = 
; N N _— * N : * , 2.4 X 
- 0 : 4 4 os 
* 


mY 
2. 4 ” be LF 
Fe We 5 
N 47 


nigation New r,, "Ix 


The Whole ART Pied a. 2 5 84 


BY A 


Nen ew Method. _ 


1 * ' 
* 1 


© @ 
* 
* 
” 
8 


8 k c T. Ki. 
dale and Grounds of the A 


V order to the right Underſtanding: of his: ner 
Method of Trigonomerty, I ſhall proceed, accord. 
ing to the uſual Method, and ſhall, for the Help ©. *>S 
eory, lay down ſome fundamental Rules or A- + X 
s, upon which the whole Operation depends | 
dy which all the Caſes in Plain Trigonometry, both 
and Oblique, may be ſolved, without any 
Table, or Inſtrument, whatſoever. But before 
to the Axioms, I ſhall premiſe, that whenever 
e nd an Angle is given, to find another Side, 
b is the firſt and moſt uleful Caſe in Navigation) 
mult firſt be a Number found, which I call 1 
Radius, not only becauſe it is the 4 
whence the Solutions are deduced, but allo be- 


being found, i it „ che lame Anſwer in 
X „ ep" 


* * 1 
* o 
1 7 4 * 4 1 
n POET. 
— 28 9 ( % 4 


. W 7 * 

. hy = 2 

- I \ 
9 N 


"tw" "Rules ing 3 Gee. Met bod. 0 
Natural Numbers, that the Radius, or Sine of 90, 
A 5 Aces in a U N mg: and this Natural] | 

* UN A; * . 


1 * 9 5 — 93 SE 
4 D the Firſt... -\ 529 
- Ta "y 5 whole agpoſice. Side fed 
fought, 2nd gividb:four times the Square ofiah 
11 t to 90 — iy go added to di 
the ſaid Complement, and then the Nas 
do che ſaid Angler the Natural Radins | 
_ thi ler ene e al Auges þ os 
„enero Second... 
Baut becauſb im Angles under 47; the Fey 
0% ' ure above Ay, and their Squares amoum to 
Numbers than the Squares of the Complements{ 
ahora 45. .3...therefore,. to render dhe 
as eaſy, and * Contrivance as uſeful /as poll 
ſhall ſhew another Way to find the Natural Rad 
all Angles under 45; andithe Rule i; 
Divide chree Times the Square of :® Ange 
” - oppoſite Side is given or-fought by ro, the 
 ., tient added to 57: 3, (that is $777), the Fun 
Natural Radius my 
This being premiſed, che kale are theft. 


RULE the Firſts, | "Im Right-angled Te 
An Angle and 4 Side given, to ſod anti 


The Natural Radius bears always.che;(amelt 
the Hypotenuſe that the Angle, (by 
= Radius lus was found) bears to wth: 
| Therafope if che Angles and Hypowenulabs| 
it is; As Natural Radius, eo Hypotenule; 
Angle to ita oppoſite Side, Nut if che e 
Leg be given, then it is, As the Angle to 
5 80 Natural Radius to the Hype 


ee 1 e e 


is, the Square = Hypotenuſe is equal to the 5 
i of bob Leg added cogether ; of which s 


in Ploin Sailing Arithmetical, - 

UL K the TH. In Rightangled Triangles: 
ume and « Leg given; to find the other Log, of 1 
tip he Sum of che H. — and given 
b dein Difference: The. Square ko of the {, ©" _ 
a «te other eg required, 9 
12 . Rn. Ta Righr-abgſed CY 

Tires Siduy nun-, in Angles 

| talf the longer whe Hypo Abus: Then; 
— 60 86. err 


01 nu. t Ou Trinngen 


ipty ho 30 ob edd ewe Morten Sides b ahy 5 
nce, and divide tie Produ by ths third Side, 
6 the gr eateſt, and upon els A the. Perpendi- 
$fo fatt: The Quotient added to *! . 


Ir 2 Rs from 75 ſhall be double t 
t Segneat, ot each Side of the Peper 1 


Another N : 
the Squares of the bi Ran and leaſt Sides toge Nt 


q oF. S middle- 


. 1 MY 


ind from their Sum ubtract the Square of 90 13 


8 Tag Os 
DEWITT GS, 
"9 + a - 


IV 


* 


1 
1 e 
SIS 
= 
=_— * 
* 7 - G 
: A Y KN % 
0 F +» A4 = 1 
« * * 
3 
"pq 


7 4 
1 

£73 £ 4 A 
* * . 

— . ANY 

4 . ; vo PF. 


p © 4 


OY 


— 


+ 
* 


— 


& here note, That to avoid Fractions, I ſhall prope 


4 
——_ * 
tt * 4 
. * 
Up 


Fa 
= 4 
I's - 
= 

: 
4 5 * 
4 = 

vt 


% 9 OF *. 4 
. 1 - g ot 8 - * 
L _ 
* 31 . > 
= K * ö ; 
* - 
& . 1 C 
FT 44. 77 
: 
5 . 
, Ja. \. 
+.» , „ * 
- 4 1 * 


5 * Ses inother Way Abe of PlainTH 


0-3 pos HORNE WO TERA 29OF "198 off 
«gf 5 { tC £4 4 3 "ys & — l 325 : , 8 
. Ste. — £O 2H 2 2 FASL AS 2 N | * wy 


Points, or Quarter Points; one ein 


. a ' * hs % —_ ? 
| . 4 * { S ">, fo. *& r "04 n 4 * > * 
. v Tf * — my "4 * * e * 
„ FH . #17 - 2 5 25 
* 91 — 
W232 4 3 — 2 4 
L + bo Ip X 2 
1 — 
* * S 

1 


mda wog Half the Remainder, Jixi 
_ biggeſt i$ide,” the N. grounds is the” leſſer” 80 
which ſubrzacted f nn ih HIRE 


r Segment. 


t — 
- j 4 
_ 


"y VRIES I VS - N02 CU * >? l 


Is * webs 1 108 E * x II. or FR 4 N 
8 N er V RP ne A 
Flu Sailin ing þ h a New Met! 
"it wig. bne nhl | % 3; O80 i 


Shall Ne prove c Exalted . wil 
'apgled Triangles, as applied to Plain Callin 


== Angle always in whole Degrees, that bei 
ently exact in all Uſes in Nayigation; yea, 
far more exact Way, than reckoning by Pains, 


_Imaller Part of a great Cirele than-2 
the Compaſs. And I ſhall make uſe o Be 
than Quarter Points, not only for its "Exadeli 
alſo becauſe it is a Method much in Uſe-aboard\ 
Men of War, to reckon the Courſe in PTE 
not in Points and Quarter P oints. N 


E 4 


CASE. 1; Curſe and Dib, ,to 
Feimet of Latitude 2 


Note, 4 ſhall in every Caſe hereof propels th 
Queſt chat are iolerted | in the 12990 d Exam 
| Each Caſe of Plain Sailin ng ene. 


A Ship fails South 3 "on. * ol 
1 demand as aboree. 


* 
jor : 
» £ 4 2 * * * * : 
; 42 
1 ; . * 
* — * * — 
N . f = «Al 
- 
* \ % 4 \ 
— 4 
£ 
- 
* 1 
; * = 
% 
* 


P | . 1 g 1 l p Py - 
1 #4 4 


47 


heh, - 7 
7 = 
a 3} 


- - * o 
: AS Av . >< 
* 29 
„„ 
4 
4 Ar 
1 * 4 
3 
vw? * " * 


. * Ap 
1 
25 


bot e aro required, ch i 

e leſſer firſt; becuuſe the Natu eee : 
ae then find N Leg! ; 
the Toi 2 4 . 


9 * q ST bY 
+? 1 by vorne TY : . x 8 0 
* . . ah. * L » "4 
Bethe Dpa, l 
F .* "x 3 . * 4 4 
" , . 1275 ” * > \ Ae " 4 + © - 17 1 | * 
6.5 © SPE Hy \ 3's want $ 3 


Angle — — 25 Radl. 9 
pil by war — the Diſtance 96: So | 
leflerAngle 25,to ite 4 
ppoſite 8 e the De- 1 


product —— — , ' | \ * 
livided. by 1000 is 1.875 5 
8 ich add — ———_ $73 ; . 


Natural Rad. 59. 177 a 
ber briefer—.— $9.2 | 


MA ng”: 


in fir the Diff lum by Rl In. = DS 


ante or Diſtance 96 a e 
in Decimals —_ 2 9575 (87 The 
2 — — 136.7 8. * Diff. of ; 8 
] Dikerenoe 3 FF- * 169 1177. Latit. by. 1 
| f a * 6825 _1169 | n 
. 1 ea, 5 be, (0 A 4 
„ 1 Eds 1 5 


e in Decimals 40.5). The Dif, re 
lof t. 87. 8 N 13 | 


= 
3 
= 


WT £ 


* 


„ E 
* 0 8 
— — 
1 - 
* : 8 * i i 
* g — — 
Tt: 22 TEA . f 


cler 1 e 


* 


3 18 Degrees Well, her er Diſh 
7 120, we! Ding and Deparrue | 


LY 


Here the Side 05 00 toiths bigger da e ö 
 therefors ve muſt make Uſe of Wen ng 
tural Radids, becauſe Method II, 
N 1 IN oF 

55 | MG 3+ 1 7% 752 
jr. Becauſe. the fn 
is ſo great, I ſhall a 


9 
ded ger ow 


| as the Sum 96 1 


Ci 0 ES n 


on 174 N . 


q \ I 


2 1 bg 21s 
a A 1 H. (ak 
* 725 che greater Angle, to 120, in oppoſir 


So i is Natural Radius, 66, tothe Diſtance requii 
; 75 1 ma far Departre, b Rob 


; 6 1-473, m1, alt! 

Bs 75 = Diſtance 152 „ 
' 6 | | 7 Pw 4 8 if & kd 

1 (Diff. Lat. 22 8704 of 


— Sum — 272 Me 
9 Difference 32 1 | 


. . 

. Prom 153 818 n 
5 Produ& 7 * 8 

"8 | | 


Tue Bilance 152. Tie Departure 
'o 


ed, Nock 10 1 4 Ea 6 


1 Mites, 1 demand as above, nes 37 


8 ſhorter Leg is given; eee That ; 
rural Radius by Method IL - | 


« times the Square of 3 1 k 8 
2 this dirided by rooo, which is done 29 


: 
- 


Ing off three Fi to the right Hat 1 Io 


Qocient is 1. 083; which, becauſe the . 7 82 


N Figure in the Fides is above 
ane to the firſt Figure, which is a my 


then call the Quotient 1.1, Which added to 4 2 


— 


be dum 58.4 is the Natural Radins re- __3i 5 


This fo the Diftoves, by Nr 63 
the Angle 19, to its oppoſite Side 725 $0 Natu- 
ins 58.4, to the Diſtance. 


og nt” Wee The Di. 


2ͤC 20" ans te- 
1168 7 2.4 K 1 7 24 quired, 
— Ki „ Ne 88 


77 


| — eee " 


1 .— 2 | | 43657(209 bir 
It —.——149 n 
2637 499 324. 
1172 (293) 5 
224. Tbe Root 208, but the; 


436577 Fraction being ſo large, 1 


- | ference of Lat. required. 
M 4 CASE 


* 


rather call ĩt 200 the Dif. 


eee, Difference if Lavin 
„4 85 wrſe and Departure... WE {> 


NN „ IT 
7 1 of Latitude 7*¹ Miles, . T demany 


© Courſeand Departrs 


— f/5> thu Dos 


Produa — The be Depunin 
* * Ten for the Courſe, wa 


WIT + H or Diſtaoce 1 
Sam- —.— 160 r= 


4M 95 As 168. 5, to 8: 80 ſhorteſt 1 ot D out 
8 55. 5, to to its oppoſite Angle, the Courſe. 


580 168. $4773-0(28 _ The Courſe al. 


© T2 


wang . 
— * 


? * 1 ” * 


17 

865 140 3. o grees, which is alu U 

2330 v5; vir. 20 1G 1 be 
Wb thn: 44 40 | 9 ff ate. a 
WW 

p 235 f ( 

e | « 1 — 0 

4 | * que 


8 


8E b V. N eee 


«a, Is. 3 HB 27 


Ship fails in the N N Wel ere 


Dep! Jars 95 Mi I 10 23 . 
de. — 1 0 * * * Hi *. 
Latitu WE þ Kone — i . N r 


For the obne Err ke 


A py * 


18 


Ditance IN * | * fy 5 


82 —.—— 


3 t * * 4 75 F 

4, 5 | 5 14. N 5 « : 
* 1 +4/2) 1 * 99 TI” 3 

qr Koro 6 251155 ede he 


Thin forthe Fear BER | Ee” 


wte uſe or piace Seid rr n J 
eee its half — 


Sum — — 27. * 


171.5, OPS So the Gen Lag (which here 
715 wh of Latitude) 80, . A 5 
ie Complement of che Courſe. ä 


8 ' 171. Hetze odo Degrees 
90 * 0200 0 3 


o eb 


Complement of the Courſe is 40 Degrees, 1 : 
, ald he Dios of Lactate is 80 Miles | 


ly, is 80 Miles 
Hy, and the en 81 


: » 
7 9 


A Skip ſails incheNortl 
Oy of Latitude be 220. 
I'demand the reſt. 


7 | 15 4855 ES. 


act enen . 


921 


1 lit 
485 Jag Bae 


„ 


| | | . 
N +9 | e f | * : : ier 0 


3238 & 13% 4 


WL or 26! 
or NN .tog 
* 
3 * 
e 6 „ D 
* N ö 
. * , 4 , 4 . 
90 4 2 13181 5 , *4 Ty , 7 47 *: ” 
Ws 1 4 . 1 15. * 1 


* 9 
GG 2 


. = 
2 ” V 4 © * 8 AD a e 1 - Fl 
5 "7 Þ D Gf P off 3 7 4 . C4 ; K ” . | £ 4 $4 4 C2 9 * A 


: 3 «FY 
4S4AGET #4 * „ 


* 
* 


4 
* ” + Sul F e be 8 


"We Alps 
& *« ' Li? 4.4 4 744) bis (el * 


Py TW} 1 2 1 
„ * 7 N 13 LO * 

A5 = * I 0: + * | 

IS Bog) W > "Oy mr 


135 * * 


. 


fable, h A de 1. 


nv. Matbod, winkow gen me Bal, 


1 4 : i w 2 1073 291 61 qt is 94 . 


| 


x the Sofaddon of bigger THenghts; by iis N 
Method, it is neceſſary” that they be fitſt divided 
two right-angled Triangles, by: a | Perpendicular, 
fil, in which obſerve : e 

t it fall from the End of a given Side, and oppo- 
to the given Angle. 

y this Means, the Perpendicular will ſometimes 
'vichin, and ſometimes without; when it falls 
hin, it falls upon 
z, or longeſt ide but when it falls wit haut, it 


— 


, there is to righi 
then the Angles or Sides ſought are 


| Patts of a right-angled: Triangle. 0 FOR; 
CALEL 7 


The 4 nole ut A 30.0 
heat B 42 1 AC. - 
The OT 


— 44 
N * I / 
» a. - ti V 


: to the Given Rock 
J; then in the Trian- - 
De is given the An- 


EN 


1 
ws 4 4! N 1 of 0 Nn | . 1 


* J l F. i 3 e 


ſome intermediate Part af the | 
upon ons of the ſhorter Sides continued Ns Yu | 


ed: Triangles produced, 
found fey 


® 3, and the Sie BC, wo find the Side C.D, Uk 


9 


ae e e 
A 


* (i . 5 
Co * > wy * d a WY * 5 15 5 P * 
bs 4h 0 * 1 
— $. N of &--. * 


a 
— 


„ Sailing 3y « New Moth 
und, Yn N the Ty 
ODT to nn 


— 
4 


— 
— 


— "42. 055 
= Which 3 
49e, the Angle ar. pan 
| the Side Required. or x 
I ſhall not trouble the with the Dee 
- finding anne 1 raw, Na 
| ated in the former Part; but bei | 
n even. the Natural Radius for the Angle | 
1 ſerene Barr As 63.625 to Side C 8, won” 
a e * to Side oppoſite CD, p 9 2 


e e \#12)6305608207- Ting 
1 LL 50 ee (JOSE e 

8 ITS * 1 7 Fo e a 59180 I wy of. 
5 900 7 N yy N | j i f; = mah * t 1 
„ir mY vis So bin $54.6 tt by | 


4 ndern ine Tnangle 4 Dc; 

Ane dol; and tho Side A Lo rt 
5 The Natural Radius found by A 
Anle ze ste. Therefore, N # ae 
A che Angle at 4 30; to Side oppoſite D c 
So 60 co che Hypotenuſ AC Requized. 55-1 


; 5114 Leg date 7 8 4 


205 | 30)12300{430-" The Side = Re 


— 


5 0 


. 60 3 . . 
* — " = oo C F * 
122300 , e n A 
| | 1 15 148 £7 
— 0 . * 
0 A $ E 1; toe. 
IS Fa 15 
8 Sid; A B $60) 
be Side A C c 
N 45-08. 
8 * 8 
K. — nn IEG. | 
: Y 2 1 f 8 
* ** 95 A; $7537 £68 's 3 22 N 
. 1 p RN C 
* ; 0 
& 15 
* , ; 


ndicular falls 
peer PTY ods 10 001 E 7 
wed, and in the Trian- 2 MI. 1 
A4 there is tho vip — 8 170 ; "ol 
1 345, nh So: ks 
A Bg60,/to-find 4, —- 
| being 2 73 LOT: 
in the. Ttian % 
lypotenuſe C A, and the”. 
apt find che Leg C D, 
gle DAC, and by Subrraion, G 
a 2 A ugie 2 A, in their proper Cale 
angled Triage, 28 On FH ide 


OS t 38157 Lo 
Y 


The Opens: t tg 


Natural Radius for the: giren Angie 45, is 
, 35 found by Method 1 Therefore, As 643.62 to 
H potenuſe Ws 9 the Angle at B 45, to Sido 
te 49. A e 4 
8 2 by s * A Fer 1 bras 3 — . 
Spee e e Site . * 
1 fit ge - \6114 0" Sin, 1 5 5 21 ; 
8 . 88 20 2 21496 22: 908 £255 
2 ay | n dk RD ei G A 
enen Jesolo 
| | | CASA Site etz m o 1 


en you hay, 1 D wht HE SEO 
by Rule III, thus: | 
agen . 
e 40 —410 & per PHP: . 
4 9— 328. . * pt! 55 8 1 ; 1 : N 
nee, 
KBWBÄ̃Ü˙Ü³Ü² ICE 
be T0 4 OT 7 r 
3224 20677284 


a $06 — ö 10 | | 1 \ "Mi 
duct — 11284 4 75 . 


% 


* , ud 


4 


T hen 
: 
* , * 4 1 
1 of 
\ > Ts 
4 ) , 
: ' L "* \ 


| mn + ge Sg ee 
1 8 | li vr lt e 7480. 
4 * % Then for che Angle An. an 
| Hp uſe 40 410 e = 
We leg 4D 198. A0 n 


5 Na ha 
IF 8 £ n 2 - * by agg 

* | N . % | A i NN +7 — * 2 +6 4 7 | 
ZTG Wi . * = tl 
N 3 | | . | 
5 1 VAR I TI OS, 8 , " at B. 3s 


which ny. 
and that ſu 


EXT 


| 0; III. a is Caſs 10 find th 
: A W243 No Sade . 0 2 4 


1 " Inihe "whole Triangle'B D 4 70 
3 Angle 4B D 45, apes the Hypotenuſe 9 
a ren Angle Z A4 D, which! 
492 to find the whole Sidg B D; but in this Cat 
Acute Angles being equal, vix- 4% Degrees, th 
1 is equal to A D, viz. 4963 then having 
cD 106, * the ſecond' Operation in Caſe U, N 

it from the 4 Side 3 D 90 f the 


| SMOG: nne. 


The e 4 355 72 55 


* 
* K 9 
wh | R > 


„„ * 
d 5 


i 


5 "OR EY 
\ the Angle at 4 30, 


the Hypotenuſe 4 1 7 
Jo ind C A, — 1 | 


+ Caſe hereof is ft 2 
205, and. cherefore I * 
nor repent the tion. Then in the WW 
we 4 CE, there ven the Sides 4 C 4x0, 


20h, to find hs Sehn Bob ML ; 
— _ rabor5(gy; tau 


— — ' - 
e 705 /0006-. err 

pe” ; I Sar RF 
2230S - 3525 | OT 
—ͤ ———— F 4 * — | 
- IE. N 50. A 98 


5 leg A E 355 ſuberated fro the- whale: Sido 
bo, NA then in the Triangle B E C, 

re given BE 205; and EC 205, to dae bey 
the Angle ® by R IV; but in 


NC a E 3 being equal, the Angie at 2 is proved 
grees, without Calculation. 8 


. 


2 1 


0 A 8 E. V. i) ; 5 * 
am in Caſe IV, to fnd the Thind Sidey BC: N 


dough this 1 Eifth Caſa; in the Trigenometrical 
* yet the Side B C is neceſſaril found in 
, before the Angle at B can be found; and 
— altho' the- Operation in Caſe IV be ſome-! 
tedious, yet both An cm ate 


led! in "x 


— a In , 


CASE 
1 


p * , 
p 2 
Kann 


4 
* r i 


e Obes cane 3 «New Ml, 
CASE" N Sraitir 


\ 
| 4 
1 


" 


5 - 


603 «x oe . * 
— . 


E. of ” 1; 2 Wo. 
<> o* 648; 4 


4 
— 


7 i e 
e. (i "i OPS, 9 


1 


* To FY vi 
1 itt Sides 146; to 1 S Xs the Sex 
cute Baſe 4 D 150, as by the Operation below, 


1 0 * — — ny 


ee eee $6.0)8400.o I * I 0 the half Dit 
FE; an. HT LR Fo * he half Baſe 280, . 
* doo 56% 355 isthegreaterÞ 
* 3 1 but 9 
| rence l "the e Baſe: E B Bar 


1 . 355, "ro ind © Eby Roe 
Angle at A by Rule IV. 1 


- ; e 
The Side 40410 | 28 
' The Side 4 E—3 f Ds 
„ =, 
3 Their Difference=-s 5. 1-44 Fo 
. = 41 oy The ſquare Ra 
WT 2 2 ff 25 075, Dix. 20\1 
F 7 Produrt——— 42075 K 0 E | required, 


_ Then, by Nals IV, find che Angleat 4 


Hypotenuſe — — 40 1 7 
Half the longer Leg — 177: 25 
17 heir Sum — * * 


* 


— 
* 
* 


R * 0 g 
» — ri a . 23 | 
, "8 
1 * F ' wa 2 + 
a - 0 


- 


1 


LY 
MD 
1 
- — 


* 
* 
a * "* 7 


* 3. one sang hs Nw Mato, „ 


vg, to 86: $608 205, co the e Angle oppo- | 
ors BN Was n N 5 9 
ER 557 Ne76320(3o The got 4 


7 2 KIA: 8 TY : - [on 
— ù— ö N "= "WV, = 


1 - 
Is d . * 0 bk I , 7 F „ 
. 2 2 g * | _— 14 , , ' * [ m f 
N 4+ 1 8 4 g 5 | 1 * 0 d 
1 - . Ve, 4 ö | q * 4 _ as * » Þ. , 7 93 * 
104 * , 7 . 
- 9 * 
- ” — p Y - 0 . 
— / * 4 ; v4 28 
24999 7 7 0 fs +4 ' 1 4 
17 10 33 „ [ Fig” 
> | * - ; . . * | | v7; 2 
" % . * 8 ; 


2 . 


though this Method be nor alrogether fo —ͤ— 9 4 
s for oblique Triangles, as the Calculation by Lo- | 
ithms, becauſe you are obliged to divide every ob 
| Triangle into two right-an Which 
times requires two Operations; yet 1 thought St: 
dinſere it co make the —_— 2 it being 
yet Uſe when Tables are wanting, and of ſuffi _ 
t Eractneſs for moſt Uſes in | Naviendion but tbbe 
tangled Caſes, as perform d weg, Lihall recem. 
u to the Reader, as a, Thing very uſeful, ſufficient- - 
, and as e as any Merhod N | 


— 


1 


12 


- 


Ut: 
»4 N : 3 „ — 
; 2 
- * 6 ww N * as . 
a 9 * " F 
: * 1 5 
0 1 14 & « . ” 6 b 4 ” 
„ =# . % * * " * ut. "= \ _ & ® 
* 
. L , * 
* , — 4 * 
5 1 . 4 * ” 4 . 6 + 6 
. * - 4 « U # = 
kb k " 6, — - 
„ 6 | , y - > a / 
1 1 " ' ” i az g » 4 
5 N . . , - 
> ö F »- #Y «4 
w 
C = 4 * 
; N ; 
. „ . * 4 * — 
* 
+ * 
« ” a u ” ' 4 * * j 
” " * ” & 7 " 4 
0 * 4 : 
f : $-, ' 
4 N - _ _— * þ 
- 
. 1 2 - 
i = , , 
b # N * 4 . 
. 5 
* 4 p P 
" F * * K 
* 7 : R » * 0 « N 
bY * o - . » % * : = 
- 0 
7 * 5 | 
a F. N 2 0 * i 
— —— — — — — — | 
of by " — 
, = 
* — CY - 
o 4 4 I — © 
; 1 
- . > 


* 


1 


— 
— 
9 
x 
4 * 
4. 
25% * 
Fg 
r — —w—ũä n————_——_— reer 


4 
- 
- 0 
* 7 
- N 
— — 


* 
* 
vein 0 , 
1 N 
* if « 
IN 
- n 
7 = 
. 4 
Do * 
2 = 
TT — T 
——ꝛ— — — 


— — 


? . CE 7 1 j A” 5 pt 
. ” way Av 5" FRO 0 44-4 4 — 
. ws T3303 l KES | 1 7 an "es wy * 6 75 3.4 
15 2 Y * | V4 1 * 
* / 4 2 1 N 
125 n E & r. 
l my 
1 


1 A | 
* * 5 
Thus 


_— "as 


. OTE 4's fd 230 Difference wig 
. N 4 12 both in Latitude and 1} 
by this Ne Method of Trigonametr, 

n _ applied to Navigation) without the Help 
5 We Taſfruments what ſoever,; aten 
rs Middle Latitude, whichis of ſufficient! 
}  * "neſs for the Working ſo os, 4 Diſtance" 
Days Run, and oe off great Ul 
ee = | 
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Oo mey thiicitbes; "GK i a 
Sailing Trigonometriral, there is a Proportig 
finding the Difference of Longitude; - Which) 
Sine Complement of Middle Latitude, is to che 
parture: So is Radius to the Difference of T 
And thereſore, in Middle Latitude Sailing Ge 
one Way which 1 have propoſed for projecting; 
pe” Ale Latitude Sailing, is by conſtituting à fi 
plain Triangle, whoſe Angle at the Baſe 
the Complement of Middle Latitude, and the Y 
dicular is equal to the Departure: And then 
known Proportion of, Oppoſite Sides, Oppolit 
gles; it will neceſſariiy follow, that the Hype 
muſt needs repreſent the Difference of Longil 
which being granted, there is no more to do tot 
ing the Difference of Longicude, but 'only e 
tion of the ſaid right-angled Triangle; of the 
Varieties of which you have had ſufficient lol 
nn the ſix Caſes of Plain Sailing before going, 
b being given, the other two oy 
found. Nevertheleſs, that N N ah 
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4. Pie log % Mow Waltz. 3 
he Reader's Inſtructiom, I ſhall inſtance in one 


fefol Invention. "IG 


ih 25 Degrees, Eafterly 96 
inde come to, and * Departure and Die- 
‚ of Longitude. 


in Caſe I of Plain Sailing, as perform'd by this 
Method, and therefore I ſhall refer you tq the 
tion there for finding the Difference of Latitude 
Departure. The Di 


erefore (the Courſe being Southerly) the Lati- 


* found by che Direction and Caution laid 
in Coſe I of Middle Latitude Sailing Trigonome- 


b 32 47 From hence, 
e ſore· going Directions, 'is de 
uted the adjacent Triangle 
herein the Angle at 4 
pl to the Complement of _ 
Latitude 32% 43'; and 
& oppoſice 5 C, is equal s 
arture 40.5; both which _. 
tn to find the Hypotenuſe 
qual to the Difference of 
tude required ; and here 
# & oppolice to cle 1 9 Ar. 8 
1 2 lien, I ſhall find Na 2 
W a | 


m p _—_— * - * 1 = x * -_ - . * 
by > Wy; g 7 * GR, ar; l , : p” . * 8 — - 14 
a - tt. 4 — : 4 | : - . 
9 A a A 1 5 
0 | D p * % F 4 5 * 4 7, 7 &* 
. . 14 > * . 7. - 


A Ship is Lande J- 00” North os 
fi. Aa 1 demand the f 
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nce of Latitude being 
found to be 87, and the Departure 40 +, or 40.5, 


comp to is 562 33, and conſequently the Middle 


ſtion for Examples ſake, which I ſhall firſt: =. 1 
this New Method, and then by the Method pro- 
d in Middle Latitude Sailing Trigonometrical ;” anti  - 
„ ſhall work the ſame by Afercator, to letithe 
12 N 
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bere obſerve, that akhough, in Queſtions; of 
 Sailivy, you need not regard Minutes ine i 
of the Courſe, becauſe whole Degrees are 
To keep Account of a Ship's Way. > yet in 
. not omit the odd Minges in be a 
And therefore reduce the odd tes to T 
Degree, accounting 6 Minutes er de 
| Degree, and 12 for two Tenths, G 
inures is ) Tenths; and this-Angle ;being 
ſhall. call it 32-7, wiz. 32 and 7, Tenth 
ut one Minute more, which can 
Error in the Operation. 
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Fo 2 Natural Radius, * ; 
Then; pessuſs ez 


The Alla 99 2.7 


Fr 
The Product 320787 9 50 


it is exact enoug . | 


to call i 2.2, we ee * 


Sum is 60.5, the plication is but 245% 

Natural Radius "5-46 cher two Figures 4 

quired?” . 2 [Decimal FG 
deut off ; bur be becauſe tie 


dend, as you ſee in the Operatie 
The Difference of Longitude] 7 55 vt, which 
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this Operation may be performed with great 
15 Readinels, with a liccle Practice, althougti 1 
hers, ſet it down we Words ue e 
as. mT, 105 12 2 
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Ron ende and Departure,” a 
conſequently: p54 Lat. come. to, with Middle Lat. 
2 — Lat, as in Caſe I of Mid- 


Sailing Tri ct a will be found | 
X 3 ; bor 


Sage d. 7 4 I, 38 a 
nm fr the bfr. ene, LIT 
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N D Diffzreacs of. _ al conſequently 
Lat, come d, as in Mercator: Sailing Trigono- 
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jy, an ny eee. . 
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And thus you ſee the exact Aiden of th 
the true Operation, as performed by Mercator Sail 
it not differing from it ſo much 'as olle 
Minute in Longitude, in ſo grear a Diltancey 
Miles, and in a Latitude ſo near the Pole as'7h 
| Krees, where there is much more Danger 7 | 

. Ring an Error than in 5 2 W ot . 
1 nearer che ne ng 
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| Pratlic al No evigatio 


The 4 plication of the FD Rub 
the 774 keeping of a egy Þ 
tug to the Hare Kinds of es 


| HER E are fog: Things very n. nec ci; 
to be known by all that take u 
| Charge of Conducting a Ship 
of the World to another, which may prop H 
Ky the AR of ls 1 
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e firſt is a right Uaderſtanding of the Compaſs, - 
che Variation thereof, in ordet to the trus Know-" :: 
8 of. the Courle made good. e | 
be econd is the Log-line and Half minute Glaſs, © 
the Knots On the Log- line be a due Length, and 4 
he Glaſs be a juſt Half Minute, that thereby you 
x near as poſſible find the trne Diſtanceee. 
de Third is che right Manner of taking and w 
m Obſervation; by the Sun by Day, or by the 
by Night, thereby co find the true Latitude, and 
rache Dead Reckoning, if there have been a- 
r contracted either in the Courſe or Diſtance. 
u fourthly, having by theſe Means and Hels 
d your Reckoning, and being come near the 
4 Port, it is alſo neceſſary, that there he à righe ; © 
ſtanding of the Tides, which Way che Ebbs and 
& ſts, and what Moon makes fall Sea upon an 
t, that ſo it may be known how long to ride at 5 , 
or, or lie by to wait the Tide, if "ti know you 
o oon; or what Sail to make to fave your Tide, 
u feat being too late: And theſe four Things 
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handle in this Part, and that in ſuch a Manner, 
zy be intelligible to the meaneſt Capacity, and 
ful and eaſieſt co be put in PraQice ar Sea. | 
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Of the Variation of the Compaſs. 
HE Way commonly taught for finding che ves; 19 
riation of the Compals, is by the Sun's Azimuth, ' | 
plitude ; but cheſs Ways not being attainable Wk 
deu r but them that have learned ſomething of Altro- | _ 
| ; and beirg alſo treated of in other” Books, I 
eee 
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3 b eaſier Way, which is this 
dos of the Compals, pals, caks your Quadrant about 


take an Obſervation of the 3 Al 


OS: fixed, as in the firſt Obſervation, obferve till ti 


| . the firſt Obſervation, and that Point 
| g Wh qual Parts, the Middle is the true South Point 


TE the Diſtance between South Eaſt and Weſt South 
is ten Points, the Half of that is five Points, 


* 


e eee it the ts Cn 0 


When you are at Sea, and deſice 3 


or 10 2 Clock, when you ſuppoe the! — 
' #bout half up from the Horizon to the M 


: e being ng ley ty the "Cn ode flv 
_whi ng done 1a 
Vanes remain evan he Þ rad". 
Compaſs (if you have one Fenty Ft, 
mind what Point of the Compaſs the Sun | 

that Obſervation, This done wait till the After 
till the Sun grow almoſt as low as he was When 
obſerved in the Forenoon, and then with your} 


be 10 low as that the. Vanes fo fixed will juſt ral 
une Altitude without alrerin them; which 
obſerve immediately (as before) upon hat Pol 
te Compaſs the Sun is at that Gbſervation: I 

| between that Point which the Sun wasuk 
upon hie 
Sun was at the laſt Obſervation, divided inte 


Compaſs, and the Diſtance between that and the 
Point 'of the _ is the Variation — 4 
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k 7 +» 
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Erample. * 


' Suppoſe 5 at the Pweanooh ObſervationT ole 
by the Compaſs to be South-Eaſt (it 2 1 
his Altitude be, ſo you mind what it beg t elſe 
Vanes ſtand un- removed till the Afternoon) 10 
poſe in the Afternoon I find, when the Sun hatl 

lame Altitude, that he bears Weſt South Welt; 


reckoned from South Eaſt towards __ Well 
Web, it falls 1 the South and 195 Welt ; ; the 
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one Variation of the Compaſs: ' 133 
clude that the South ings hy een of che 
zpak points to the true Souch Point, and the Di. 
between the South and by Welt Point (Win 

tue South) and 8 _ ede of the Com- f 
which we may e zouth, or magnetical -- 
0s the Variaclomel n and becauſe 
nagnerical; South is Eaſtwards from che trus 
. therefore the W North is . Weſtward. 9 
the true North. Hence I. conclude; that the > 
ktion is one Point Weſterly,” c. 
his Caſe there is only this Caution tb be obſe . 
tat this Obſervarion be not made hen the Ship 
ming very faſt North wards or Southwards, which 

nake ſome ſmall Etror, though ſcarce diſcern 
| for if the Ship ſtood ſtill, the Sun would havs 
ly the ſame Altitude ar 8, 9, 10, in the Fre 
5 that it would have at 2, 3, 4, in the Aster: 
; but if the Ship fals very kack te the Southeurfek 
brth Latitude, or to the Northward io South La-. 
&, ſhe raiſeth the Sun a little; and by Conſe. ' 1 
tee the Sun will be ſomewhat higher at 4 hie 
jon than at 8 in the Morning, and may case 
Error, but it is little, and 4 Thing chat fel- 
happens : And if it do happen that your Courſe = 
North or South, and the Wind ſo fair, you may.  _- 
jour Obſervation till another Day, (it being net 
ellary to ſet the Variation every Day) andthereby ß 
Error may de avoided; and yet the Variation ex- $3 
j found as often as is neceſſary. © 
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; ' * Minute Glaſs, iy e 
. E * Sls Fa upon them Ws be 1 

1 or Pilot of a Ship, and would be very eri 

Id accurate in the keeping a Reckoning, or Accout 

1 pes * Ship's Way, ought to take Care before. they 

E -, from the Shore, to be furniſh'd with all Thing 

Ceſlary for that Purpoſe: For the beſt of: Se 

the greateſt Artiſts, the moſt profound Mathema 

ans, or the moſt experienced LN vigator, may he 

E ro and carried into. groſs TG. by à Dei 

* their Inſtruments, or Means for keeping a Reckod 

as well i; the more Ignorant may T by a Det 

_ theic Knowledge; and-ſo far as chey delten that! 

Account ſhall de J upon their dead Reckoning 

- . " ought Chicfly to be careful in theſe two Thing. 

1 Firſt, The Half. Minute Glaſs that it be of. 

tk; for if it be longer than it ſhould be, it 

che hip by Eſtimation co run ſo mach thore that 
deed ſhe does, and by that Means, perhaps, 

Month or 6 Weeks Sailing, you will expect to 

at your Port, or make ſuch ot ſuch Land, whe 

deed you are 50, 60, or 80 Leagues, or more of 
ſhort of ir, according as the Error of your Gu 
more or leſs, And although it is hard to know at 

I Half. Mi ute Glaſs, yet there are theſe ſewo Way! 

prove them, and know whether they are rigit 
wrong. 

Ike firſt Way is by an Experiment! mentions 
Mr. Henry Phillips, in his Advancement of the 4 i 
wvipatzon, and wo quoted by Mr. Saler, in his? 
Navigaries, and tis this: 2 a Ballet of wy 
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1 0f the Lg line, and Half Min. Glaſs. 187 405 Y 2A 
br Weight, it matters not, and make faſt to ic 2 Tr ** 
[nches ; let there be a Nooſe on the End of He - 
ad, and let the very End of the Nooſe be jt | 
Inches from the Center of the Bullet, (as I {aid 


if 5-3 

then hang it up by the Nooſe upon a {mall Pin, 
1 may hang at Liberty, and ſwing freely, and 
cit Way and each Swing ſhall be a true Sacond | 
ine; that is, each Time that it paſſes by che Pers 
cular let fall from the Pin on which it hangs, | 
te half a ſecond 3 and every Time of its R. 
o the Place where it firſt begun its Motion, is a 
Gcond of Time, and a Glaſs that runs till the ; 
bullet bn made 30 Returns, ſhall be a true Half- 
Fall... ß ares Oey 
decond Way (if it may properly be ſo called) is 
e Experience of choſe that have had Occaſion to 
Glaſs in long Voyages; and having a Line right» | 
rided, and a Glaſs of ſo true a Length, that theie 
| Reckoning, when carefully kept, hath agreed 


Truth of their Obſervations; and that their 
T Latitudes, (when found by Obſervacion) their 
» Wire of Land, &c. hath fallen out according to 


tation, by the dead Reckoning; I ſay ſuch a 
;, or another of the ſame Length, ought to be 
red before any other, as a true Halt-Minute © 


ſccond Thing neceſſary, in order to the Keep. 
if a true Reckoning, is to take Care that the 
line be rightly divided; for although the Glaſs - 
le, yet if the Log-line be divided into Knots too 
jor two ſhort, it muſt needs make an Error in tze 
ioning, according to the Proportion of the Error 

Wifons of the Line, if you work by a true Half- _ 

ute Glaſs. Indeed, if the Diviſions of the Log- 
be too ſhort, and the Glaſs alſo too ſhort, (or x 
de too long, which is the ſame) then the one Er- 
elps ro comppalary the other; but if the Faults __ > 
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por the Length of each Knot on the Log 
mw it ſhould be divided, there ure different On 
+ ' . amongſt different Authors and Navigators. Ind 
X an undeniable, Truth, and apparent to all 
” ,  - Reaſon, that one Knot upon the''Log-line ſha 
tie 'r2oth Part of a Mile; becauſe Half 'a Min 

the 12oth Part of an Hour; (for as the Whole 
Whale, fo a Part to the Part, & but the Dili 
ariſes from the different Opinions, as to how! 
Feet, Yards, cc. there is in one Degree of x1 
"A Cirele upon the Earth. Mr. Ougbtred, in hisG 


ok Proportion, will have 661 Miles to-anſwy 
Degree upon the Earth, each Mile containing 
Feet. Hence there is by his Account, 349800 

Az one Degree of a great Circle, upon the Fan 


; 


 - 5830 Feet in one Minute, or 6oth--Part of ſuch 


Bree, and conſequently the 12oth Part of a N 
or Length of one Knot upon the Log: dine, mil 
i 
But Mr. Norwood, in his Seaman's Prattiee, | 
| © _ __ (relating an Experiment of his for finding the 
" _ tity of one Degree of a great Citele upon tho | 
_ faith, that one Degree contains 367200 of our! 
Feet to a Degree, which Account, without any 
lowance, would give 5 Feet to one Knot of the 
line, although, for Reaſons there mentioned, 
lows 1 Foot out of the 5 r, and fo would have one 
of the Log line to be juſt 50 Foot: But how fat 
Experiment of his is to be depended upon; {coll 
ring the Unevenneſs of the Ground, and Crooked 
_ of the Ways, and other Inconveniences, Whig 
could only give Allowance for according to his 
ment) and alſo how far that one Foot in 5 x may 
penſate the Way that the Log makes after the db 
ſhall not take upon me to derermine, In the i 
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n Gs. 7: by: 
| 7 with Submiſſion to der Judgraencs, 13 
. dbere to the Way of n Log-line har 
monly received and uſed by moſt Mariners; 1 N 
Chat of 42 Feet, or Fathom to one + Knot. 2 
it will preſently be that according to: 1 
Diviſion for half a Minute, multiplying that by .. 
for 1 Mile or Minute, and chat Product by 60, 
Degree, there is by conſequence but 302400 Feet 
Degree, Ms ſeems. to contradict, and intolle- 
o ary from the Opinions of the ingeriious Mr. 
ul, and other experienced Men in that kind. * 
wer, It doth not contradict them, at leaft 8 we 
25 at firſt Appearance it ſeems it doth, for ons — 
| Reaſon why I agree to theſe ſhorter Diviſions 
give Allowance for the Way that the Log makes 
te Ship; for —_— — 4 is ſo much ſtray 
dow d +; may. be Log 
ately well out of the Eddy of the Shi 
damtat be ſuppoſed, but — Aal ebe t, © 
ſome Way after the Ship, if but by the Welzhieof- 1 
line, which although Pe t light, yet the Water - 
g but a ſofe fluid Subſtance, the 95 muſt needs 
Motion after the Ship, and eſpecially ailing . 
„ and in a freſh Gale, it cannot be but that the” , 
d will have ſo much Effect upon the Log, and ſo 
| of the ſuperficial Part "If the Water, as to 
e it along — the Ship, and that, in 18 * 9 
much more than one Foot in g]. i 
deed ar ther Conſideration, which n be ace 5 
ted a ſecond Reaſon why i do adhere to that | 
of dividing the Line, is, becauſe if there is an Er- 
it iʒ on the ſafer Side; for although the Truth is 
it. could be attain d, yet if an Error muſt be, 
dener chat che Reckoning be a-head of che Ship, 
chat the Ship ſhould be a- head of the Reckoning; 
deter to look out for Land before we come at it, E 
I to de a-ſhoar befor We mages, reſts! | 
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3 ids Reaſon is, the Cent 
my Opinion by the daily Practice and Erg 
many, if not moſt Mariners, Who uſe this: w 
ſind the Succeſs to anſwer their Expectations, 
much nearer than a much larger Diviſion wor 
Tis true, if the Generality of Glaſſes be ſo umd 
| ſhort, as to counter vail choſe too ſhort Diviſion 
they are too ſhort) it were to be wiſh'd, chat the 
rors in one were reQified, and then the Fails 1 in 
other might be amended ; but till then 1 ſhall x 
mend that Way of allowing 42 Feet; or 7 Fathon 1 
one Knot of the Log-line. Indeed if it be, as it 
ported by ſome, that to make Amends for che 
neſs of the Knots, the Glaſſes are commonly mak 
27 Minutes; and if ſo, then if the Glaſſes wer g 


by the ſame Proportion, ſhould be alfo increas! 
42 Foot to 46+ Feet to one Knot, which"ſcems1 
= to Nee and to Mr. Nau Obe n 
n. 5 

Note, When you divide che Log is you to 
1a, 1 or 18 Fathom of Stray- line, according 

of your Ship, accounted from the Log; bl 
you begin to ſet out the Knots, and there put inf 
or white Rag, and from thence begin to divide 
Line into Knots. The Reaſon of the Stra y-line i 
veerthe Log p well out of the Ship's Wake 
the Eddy ſhould ſuck the Log de. an 
_ 1 5 your e | 4 | 


* * * hy 4 * we 5 2 * > I pe A 
nnn . ds ie 5 
= - * +3 = * | _ * * = = * «. 3 : : 5 F 4 
124 Y « 4 A ITAS <'s ** Oh A 
„ 4 21 . „ wa” 7 * 4 4 « a 1 
? 4 . IP * K * > 
7 a , 3 * 9 
* - - „ PLE * = — « _ 4 
2 7 * 0 * * . 0 7 PR - * . , * : 
my * e , \ : , ” * 
4 * 1 TI Oy Y : r © © $ #7? Þ "as S * a. * 1, * = * 
G 3 , * / / p 
0 8 - 1 


* 9 a . I 
) 4 8 9 
i , 1 P 4 . 

e f C - 4 ad «£4 1 , . Fo „ 

en * (reer ee ere — ö 

IK 3 244 Y 5 r r Ae JT >. , 
. | 5 : G : * 4 
| | i * * 
. E C . 9 . 30 8 
U f - 
= Y . p 
4 


N 


* 


1 
6 
#* ; j 
"os. ”” - 
ö * 
ad , . 
* 
, 
* 
” 


T 1.» : 
: : - : 5 | 4 
* , * 4K * - 4 " *& 4 4 7 8 
1 ; 1 , " , 

* - * 6 4 a . * * 

* 1 « 


HE Log-line being thus divided, and the Half- 
RY Glaſs examin'd and regulated, che neꝶt 
is to make 4 Chart for the Voyage intended; 
Charts there are two or rather three Sorts. 
e firſt is commonly called a Plain Chart, in 
the Degrees of Longitude and Latitude are e- 
there equal, without any Reſpect to the Globu- 
b of the Earth, but rather ſuppoſing the Earth 
a to be a plain Superficies ; and hence it is, that 
rojection is falſe, except in Places under or near 
uinoctial. However, it being much in Uſe, I 
y down the Projection of ir as follo wet. 
you would make a Plain Chart for all the.Eacth 
=, tis beſt to do it upon two Sheets of Paper; 
af upon each Sheet. Through the Middle of 
et, croſs-wiſe,. from the right Hand to che 
aw ithe ſpotted Line 4 B, which divide into 
qual Parts, by any equal Parts of the Scale, as 
x your Paper will contain, which. you may. mark 
ry 10 Degrees with Figures, t0, 20, 30, Ce. 
, beginning at any Place where you intend to 
n your Longitude from, which ſuppoſe let be 
aeriff, let your Chart begin at the Weſt or left 
and ſo reckon Eaſtwards, as in, the following 
ple, where the two Charts contain all the 366 
s of Longitude in Compals, and 90 1 
nicude each Way from the Equinoctial. Then 
the Middle of the Chart, as a Center, draw. the _ 
nts of the Gompals, as you ſee done. Then 
ſerting any known Place in. the Chart, find 1 
vle of Latitude and Longitude of Places,” what © | 
MO OE 0" 2 200 AN 
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Wo E chat Laticide and npede your Play hu the roy 
Example, Suppoſe I would inſert the Lands 
2h England, and the Iſland of Cypras in the Shai 
would find their Bearing and Diftance ; 46 
the Plain Chart, I find the Latitude of the La 
bk England in the Table is 50 do North, and 
| * 12* 37, I reckon ape the” Line 1 *. 
7 the Egult dial, till I come at 10 Degrees, and 
ting 2 of the ſmall Diviſions for other 2 Degree, 
\_-. - makers es, andas near as I can compute, 
_ What morethan Half of another {mall Diviſion 
Minutes, and ſetting one Foot of the Comp! 
that Mark, Texcend the e ber 
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Line, and running them up into Latitude 0 
make the Mark O to repreſent the Lixard; and 
lame Method I find the Weſt End of Cyprus, at | 
ak A, then the Diſtance between theſe. two 
aken in your Compaſs, and applied to the E- 
al Line A_ B, accounting every Degree 60 
and every 10 Degrees 600 Miles, gives the. 


de detween the two Places, according to tage 


Chart; and then for the Courſe, obſerve what 

or Point of the Compaſs, a Line ſuppoſed to 
Wn between theſe two Places would be parallel 
ch in this Caſe you ſee is an E. S. E. and W. N. WW. 
the neareſt Point repreſenting the Courſe re- 
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N 194 Hit to make a Plain Chunt. * 
In like manner you may inſert any other 
- whoſe Latitude and Longitude is given; as { 
ſtance, I have inſerted the following Places; y 

becauſe the Draught is too ſmall to contain the] 
at large, I haye repreſented them by the folly 
Letters annexed to them. e 


© the Lizard, 1 
A the Iſland of Cyprus, in the Straits, _ 
2 Majorea, an Iſland in the Straits. 
Barba doe. Pr 
5 8 * 
„ 6 Cape Henry, in Virginia. 
3 o Bengall, in the Eaſt Indies. 
4d Cape Bona Eſperanza. 
e the Naze of Norway. 


Theſe are ſufficient to let the Learner ſee hy 
down the Places in a plain Chart. 

But ſuppoſe you are to ſail from any one 
Places, or any other Place, to ſome other Pc 
beſt to make a Chart for the particular 'Yojt 
contain only ſo much of the Earth and Sea a 
tain d between the two Places, or little more, i 
you may make your Degrees of Latitude and! 
rude larger, as in the following Example: 


A Ship ſets Sail from Flamborough Head, in 
o/ North, and Longitude 16 26, intending 
Naxe of Norway, in Lat. 58* oo', and Long, 

I deſire a Chart made for that Voyage. 
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Hine to make a Mercators Chart, 


A Mercator's Chart appears ſomewhat like 25 
Chart, only with this Difference, that whers 
in a Plain Chart, the Degrees of Latitude and Lon 
tude are every where equal, it is not fo in a Mer 
tor's Chart; for in it the Degrees of Latitude bear 
ſame Proportion to the Degrees of Longitude, t 
they do upon the Globe; and the Invention of 4 
Chart is moſt properly owing to our worthy an 

* genious Country-man, Mr. Edward Wright, a q 
bde ſeen in his Correction of the Errors of Navigati 
However (| know not well for what Reaſon): unjd 
aſcribed to Mercator. Now although upon the Gl 
+ the Degrees of Latitude are every where equal, 
the Degrees of Longitude grow lefs nearer the Pt 
Jet in this Chart it is not ſo, but the Meridiam 
arallels, and every where equal, as in a Plain Ch 
but the Degrees of Lat. grow bigger near the g 
ſo that in a Mercator's'or Wright's Chart, there is al 
the ſame Proportion between a Degree of Latin 
and a Degree of Longitude, in any Parallel, as f 

is upon the Globe itsfelf $40 
For the Projection of this Chart, there are 
Lines upon Gunter's Scale, commonly placed nen 
Bottom, on that Side upon which the Logaritha 
Numbers, Sines, and Tangents are; the loweſt 
two, is a Scale of equal Parts, and the next to 
ccalled the Mcridian Line, by the Help of whid 
ou would draw a large Chart of all the World 
teen 85 Degrees of North Latitude, and 85 De 
of South Latitude, you mult prepare large Pape 
paſte Sheets of Paper together, till your Sheet col 
about 4 Feet each Way; through the Middle of # 
draw the Equinoctial Line, as you ſee in the! 
Chart before inſerted, and graduate it with 19, 
30, Oe. by thoſe Diviſions upon the Line of 


. 3. How to make a Mercator Chart. 197  - 
5 now mention ' d, which done, when you ſee ho œU“ 
che 180 Degrees of Longitude reach (if you 
ke the Chart in two Parts, or the 360 Degrees, if 
a make it all in one Draught, as your Sheet of Pa- | - 
Foot ſquare will eaſily contain) and there draw _ 1 
es at right Angles, with the Equinoctial Line, as 
; ſee in the foregoing Charts, the Lines CAE, 
DBF, then theſe Lines graduated from A the E- 
inotial, both Ways, by the Graduations. upon the 
ridian Line upon the Scale, ſhall ſer off every Pa- 
d of Latitude according to Mercator; and when 
Lines on both Sides are ſo graduated upwards and 
mwards, from the Equinoctial, the Lines drawn 
yevery Degree on one Side to the ſame Degree on 
other Side, ſhall repreſent the Parallels of Lati- 
required, AN ang Kd SE eo} 2.7 Hg 
ut becauſe theſe Graduations would be too ſmall 
lake a Chart by, for any particular Voyage, it is 
to make the Chart larger, and in that Caſe, the 
of a Meridian Line fo large, may be ſupplied 
Table of Meridional Parts ; for having drawn 
Equinoctial, or any other Parallel of Latitude, 
ch is the ſame, for one Out: ſide of your Chart; ſer 
bo of any equal Parts for every Degree of, Longi- 
, both at the Top and Bottom of your Chart; 
done, find (by the Rules laid down in Mercator's 
& Trigonometrical) the Meridional Difference of 
ode, or the Meridional Parts contain'd between 
hid Degree and the next, theſe taken from the ſame 
roll of equal Parts, and ſet from the laſt Degree 
„., ſhall find the next Degree, and ſo in the reſt. 
ape © Rumbs, or Points of the Compaſs, are exact- 
e ſame as in a plain Chart. 4 
nll explain what hath been ſaid by an Example 
Mercator s Chart, from Flamborough-Head to Nor- 
fore mentioned. | 


* * 


110, 
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| O 3 Flam- . 
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198 Howto make a Mercator Chart. CA 
Flamborough Head — 54* 8' 16 :f 
Naze of Norway ——— 58 © -—=21 00 

Tris beſt to make the Chart to a whole Degree, 
in this Example I ſhall, as before, make it from 
54 to 58, and from Long. 16 to 21. | 


Merid. Parts for Lat. 58® Of — 
Merid. Parts for Lat. 54 0 ————=—=38 


Merid. Diff. of Lat. in the whole Chart — 4s 
Diff. of Longitude in the whole Chart=— 30 


- Having drawn the Line 4 a, ſet off the whole 
ridional Difference. of Latitude 429, off any co 
nient Scale of equal Parts, from d to a, and draw 

and d c, perpendicular to d a, and ſet off the wi 

Difference of Longitude 5 Degrees, or 300 Min. 

d to c, and from à to b, and draw c 4 3 thus you It 
the whole Subſtance of your Chart. 

Then ſet 60 of the ſame Parts from d to 17, 

from 17 to 18, and from 18 to 19, Cc. both upon 

Line de, and upon the Line 4 b, and draw the I 
17 — 17, 18 — 18, Cc. thus is your Longi 
graduated. 18 

Phen for the Latitude, find the Meridional 
rence of Latitude, between Lat. 54 and 55, whi 
193, therefore ſet 103 of the ſame equal Part it 
to FF, and from ô to 5F, and draw the Line 55 
then find the Meridional Difference of Latitude 
tween Lat. 55 and Lat. 56, which is 106, which 
from 55 to 55, on both Sides, and draw the 
16 — 56, and ſo find alſo the Line 57-7 
Then upon the Center e, which repreſents the N 
ſail'd from, draw a Quarter of a Compals, the N 
upon that Compaſs ſhe ws the true Courſe — 


| 4 * * 15 n | 7 * F * * : * | | h * 
Q. 7. How to make @ Mercator Chart. 199 
)-Head, at the Point e, to the Naze of Norway, 
> Point ©, which you ſee differs much from the 
[ ſe found by the Plain Chart. Se N 118 


416 | 17 WD |. 
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| . 
4 5 
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LL 
Ty 68% | | 
he Diſtance between any two Places in a Merca- 
Chart is thus found: Find the Difference of Lati- 
between the two Places, which here is 3? 52, or 
Minutes, which ſet off upon the Line 4 b; take 
whole Degrees from 17 to 20, and the 52 Min. 
graduated. Degree, accounting every Part 10 
- decauſe the Degree is divided into 6 Parts; then 
ing your Compaſſes at that Extent, lay a Ruler 
that it may juſt cut the two Places, whoſe Di- 

5 required; then ſet one Foot of your Com- 
at the Ruler's Edge, fo as that the other turned 
«may juſt touch ſome Eaft and Well Line, then 

„„ keeping 


LON & LO 


200 . How to make @ True Plain Chart, 
j keeping that Foot faſt that ſtood againſt the Ry 
open the other to the Croſſing of the Ruler 
the ſaid Eaſt and Weſt, Line, that Extent meaſure 
the Parallel 26, allowing 60 Miles to every Deg 
gives tie true Diſtance required. 
Thus a Scale laid from a to ©, deſcribes the pi 
Line 4 ©, then with 3 52 in your Compaſſe, 
one Foot in h, the other turned about will juſt u 
the Line 375 — 57; then obſerve where the! 
57 — 77 cuts the prick d Line a ©, as in I, the 
tent h E, meaſur d on the Line «6, gives the tris 
ſtance. POS % 
Hu to make a True Plain Chart. 
BUT a Third Sort of Charts I ſhall next dea 
which is as true as Mercator's,and yet as plains 
and expeditious for Practice, as the Plain Chart; 
| It cannot be made but for a-particular Voyage, 
generally when you intend to come back the! 
Way you go, and it is thus made. * 
Having the Latitude and Longitude of the two 
ces between which you are to fail, find the true Ct 
and Diſtance, by Caſe the Sixth of Mercati 
ing, which found ſet off the Courſe and Dill 
between the Place ſail'd from and the Place l 
for, as you are taught in Traverſe Sailing 6 
| Frical ; fo have you two Points repreſencing 
two Places, and if your Ship fail upon ſeveral Ca 
you may lay down all her ſeveral Courſes and I 
ces, in form of a Traverſe, as you ate taught in 
werſe Sailing Geometrical, and ſo you may every 
ſet off the Courſe and Diſtance from the Ship 
Place bound for, according to Mercator, and || 
done as eaſily as in Plain Sailing, I ſhall inſtance! 
fote-mentioned Voyage. 2 
ö | it Lat. 


A Ship fails from Flamborough- Head-- F 49 811 
Intending for the Naze of Norway —58 01 
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E.- © Norway, the Line A B the true Diſtance, 278 Mile 
the Angle C 4B 33% 22, the Courſe! from the Mai 
 Gdianz and in this Chart the Degrees of Latitude, 5 

F equa] Diviſions, andealily repreſented, but the De. 
|. © greesof Longitude, if they were thſerred here, woul 
L be curved Lines, and hard to project; nor is it need. 
ful, ſeeing upon this Chart you need not regard the 


L ongitude as you go along, but only the Courſe, ani Wit! 
F Diſtance upon each Courſe, according to the Rue WW) 
laid down in the ſecond Queſtion of Traverſe Sag Wil 
%%% | 
[- = Having thus ſhew'd how to make the ſeveral Chars, Wi 
I ſhaitſhew the Uſe of them when: come to \pire a 

ſome Examples of keeping a Journal, in which I ſhall WY 
inſtance in the ſame Voyage for which theſe Chart p 

are projected, and ſhall ſhew the Learner how to prick Wl | 

off every Day's Work upon each Chart; of which 
hereafter. * Xe ; * l 

| | 

— ä — | * 3 1 5 
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Sm cr Il, 
How to take an Obſervation.” Re 


H E moſt uſual and eaſy Way to take an Obſer- 
vation by the Sun, is with a Quadrant, com- 
monly call'd Davis's Quadrant, confiſting of two Ar- 
ches in ſome, a 30 Arch, and a 60 Arch; but more 
commonly of late, an Arch of 25 Degrees, and ano- 
ther of 65 ; but the Way of uſing them is all one and 
the ſame ; for by theſe Quadrants you do not fo rea- 
\ i dily find the Sun's Altitude, but the Complement of the 
| Sun's Altitude, commonly (and properly) called the 
= >un's ZenithDiſtance; being the Sun's Diſtance 2 | 
| | # Wh | \ ; x enit 3 


— 


a en A N N 3 N 8 * 2 


72nich, or Point right over our Head, which is 
jy ſound by one of theſe fitt 
dur Vanes ſo, as. that when you have the Horizon 


De. d. may at the ſame time fall directly from the 
'Ould Top of the Shadow Vane to the Top of the. Slit, - 
reed. WY (which is che Middle) of the Horizon Vane, till re- 

| the WM moving the Sight Vane downwards, as you obſerve 
ade Sun to riſe, till you find that the Sun is upon the 
ul Meridian, and then you have done. your Obſervation 
a WY for that Day. This done, obſerve what Number or 
K Figure you have upon the 60 (or 65) Arch, juſt un- 
ber che upper Edge of the Shadow Vane, (uhich ſhould 
ire always be placed upon an even 10 Degrees, to fave 
bal Trouble in the Addition) and alſo obſerve what De- 
agree and Minute you have upon the 30 (or 25.) Arch, 
ick juſt under the Middle of the Sight Vane, even with 

| the Line or Stroke that goes from the Hole along the 


gether, the Sum is always the Zenith Diſtance, 


. 


working an Obſervation. 
How to Work an Obſervation. my 


Here are but four Caſes, or Varieties in working 


Cy 


you be, or whether the Sun's Declinatioi be North 
or South. i en 
The firſt is, when the Sun is between the Horizon 


— 
3 


the Declination from the Zenith Diſtance, the Re- 


%% WW 7” ᷣ 00 


Demons 


nat through the Sight Vane and Horizon Vane, the 


which is to be uſed as in the following Directions for 


and the Equinoctial, and then the Rule is, Subtrac 


1 * 
— a, ' 


Quadrants ; for having fitted 


* 
» — o 
- 
o 
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Middle of the Vane ; and theſe two Numbers added 


an Obſervation, in whatſoever Part of the World 


mainder is the Latitude of the Place. 1 
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W The Latimde o 
„ T7, - -. re Plans band 
„„ E... Equinoctial and th 
8 | Tbe Sun's Declin 
3 tion is the Sun's Dj 
3 3 3 ſtance from the 
|  _ 7Q _. quinoctial: And che 
ty 4 Sun's Diſtance fron 
rhe if the Zenith of the 
| Lace, is the Zenith 
„„ Diſtance, or Com- 
pilement of the Sun's Altitude. Now. if from ©Z the 
' - Zenith Diſtance, you ſubtract © E, the Sun's Decl. 
nation, there remains E Z, the Latitude of. the Plage 
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of Obſervation. 
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Example. 


25 Suppoſe the Sun's Zenith Diſtance be 76 2 9; and 

the Sun's Declination South is E e 16, faberas o 

the Declination 16, from &© Z the Zenith Diſtance 
76, there reſts E Z 69, the Latitude required. 


The ſecond Variety is, when the Sun is between 
the Equinoctial and the Zenith, and then the Rule b, 
Add the Zenith Diſtance to the Sun's Declination, 
the Sum is the Latitude of the Place: For if to e 2, 
the Zenith Diſtance, you add e E, the Sun's Declina- 

tion, the Sum is E Z, the Diſtance between the Ze. 
nith and the Equinoctial, which is the Latitude requi- 
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6 Der 77 © 
37 the Sun's De- 
ination North E 


8 D ance, you d EGS . 
che Sun's Decli- 
Ac on, che Sum 
leon aft needs be E Z 
te, the Latitude re- 


ON» 
er The Third Variety is, when the Sun is between the 


Zznich and the elevated Pole, and then the Rule is, 
ubtrak the Zenith Diſtance from the Declination, 


ee Remainder is the Latitude of the Place. —m 
and * | | Example. | . ' | * | 
6 1 Suppoſe the Sun's 2 \ 
net beclination be E © 48 
Is, and the Zenith 

Diſtance Z © 10; 
„ (brract the Zenith 
een A bitance Z 6 10, 6 ts 4 ith 
"", {rom the Sun's De- — n 
175 dination E @ 20, 8 t 
> __ reſts E Z 10, * K | 
de Latitude requi- | | | 
15 red. | * N | | } 
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EN 3 r e | | 
II be Fourth Variety is when the Sum is between e 
- ' elevated Pole and the Horizon, and then che Rule ; WI! 
Subtract. the Sun's Complement of Deelination from | 
the Zenith Diſtance, the Remainder is the Compi. 
menę of Latitude. I 
r e ˖ 
. * RE 4 | Example. 2 99 . f 
4 | 2 ö . * Wok -P $6" io] vo ( 
3s * . x Suppele-the Sun! 
=. | Declination be 2 
its Complement b 
68), the Zenith D 
ſtance 85, then tou 
Zenith Diſtance 67 
86, ſubtract the Com- 
plement of Declim-· 
tion P68, chene. 
mainder 2 F 17, vn 
the Complement ail © 
| * Cked from 90, leaves. 
Yoke SN 580 73, the Latitude re- 


4 | wired. , | 

Baut becauſe tis ſeldom that any fail ſo far North or 
South, as that they can conveniently take a backward 
= Obſervation by the Sun, under the elevated Pole, in 
= this Caſe, it may be done by a forwafd Obſervation, 
| and work with the Sun's Alricude or Height abore 
- the Horizon, and then the Rule is, Add the Sun's Al- 
| titude to the Complement of Declination, the Sum i 
3 the Latitude; thus if in the laſt Example, you add the 
SBun's Altitude, O % F, to the Complement of Decl. 
nation © P 68, the Sum O P 73, is the Height of the 
= above the Horizon, which is the Latitude of the 

__ | Bs 
This ſame Operation will hold in taking an Ob- 


ſervation by a Star, when under the elevated Pole, 
5 | | becauſe 


o N * 
9 * 
3 2 
= 4 = 
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6.4. How to wor an Obſervation. 6 
becauſe both here, and in all other Caſes in obſerving 
by the Stars, we are obliged to take the Obſervation 
ſorward, becauſe à Star caſts no Light ſufficient for a 
tackward Obſervation, and then, inſtead of the Ze- 
nith Diſtance, work with the Altitude. 

In forward Obſervations, whether by Sun or Stars, 
there are alſo four | Varieties, as in a backward Obſer- 
ntion, which I. hall only ſpeak to, the Demonſtra- 
tions being pretty evident from the foregoing Figures. 
The firſt Caſe. is, when the Star is between the E- 

uinoctial and the Horizon, and then the Rule is, 

dd the Altitude of the Star to its Declination, the 
dum is the Complement of Latitude, which ſubtracted 
from 90 leaves the Latitude required. „ 
Secondly, When the Star is between the Equino- 
dial and the Zenith, ſubtract the Star's Declination 


from its Altitude, the Remainder is the Complement — 


* 


of Latitu ds. 4.3 5 
Thirdly, When the Star is between the Zenith and 
the elevated Pole, then ſubtract the Complement of 
Declination- from the Altitude, che Remainder is 
N f Br eR 
The fourth Variety is ſpoke to in the fourth Varie- 
ty before going; and ſo much ſhall ſerve for the wor- 
king an Obſervation z theſe Rules, if well obſerved, 
being ſufficient. for working Obſervations in all Lati- 
tudes, whether North or South, and at all Times of 
the Year, as a little Practice will make evident. 
It is poflible to take an Obſervation by the Moon; 
but there are ſo many Things to be accounted for, as. 
Paralax, Refraction, . and the Moon being ſeldom + 
to be ſeen, but when ſome known Star may alſo be 
ſeen, and I having in this Bock inſerted a Table of © 


-ixed Stars, their Declinations, Cc. 1 ſhall refer the 


Reader to it, the Sun and Stars being ſufficient in all 
Caſes for taking Obſervations. | WF] 
Sxor- 


© Sin er., V. 
How to reckon the Tides; 
Of the General Motion of the Tides. and how o En fi 
Time of High-Water at any known Port, only by a $; oh 


— 


of the Moon at any Time of the Day or Night, 


of the Tides, or of the Time of High- Water or 
Low-Water, at any Port or Harbour propos'd, iti; 
neceſſary, in order thereunto, that there be a right Un- 
derſtanding of the original Cauſe of the Motion of the 
Tides, or Ebbing and Flowing of the Sea; a Thing 
\ which hath been often in Diſpute among the Learned, 
both Mathematicians and Philoſophers, whoſe diffe- 
rent Sentiments have rendred the Thing as dubious 2 
when they firſt began with it; ſome aſoribing the 
Motion of the Sea tothe ſwift Motion of the Earth; 
according to the Copernican Syſtem, and that the Wa- 
ter being a fluid Body, and not preſently acquiring {6 
ſwift a Motion as the Earth it ſelf, ic muſt conſequent. 
1 be higher Water upon one Part of the Globe than 
pon another, and this they illuſtrate thus: Suppoſe a 


2 T that would be able to give a good Account 


Boat under Sail, with freſh Way, and a ſmall Quanti- 
9 of Water in the Boat, it ſeems very plain, chat the 
wift Motion of the Boat would make the Water in- 
cline rather towards the Stern of the Boat; but if the 
Boat, when ſailing with that Speed, ſhould by coming 
aſhore, or ſome other Accident, meet with a ſudden 
Interruption, and at once give over her Motion, the 
Water ſtill retaining in ſome Meaſure its former Mo- 
tion, will preſently run to the Fore-part of the Boat, 
and by this thev would ſome Way or other demon- 
ſtcate, that the Motion of the Tides depends upon the 
Motion of the Earth : But to uſe no other Arguments 


for the Confutation of this Opinion, the Abſurdity 
= | hereof 
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| petithe6'6fdth Mariners, and hall ufer WG 


eis eyicent 0 ul chat own the Rotundity oi 
os - Bitify (x Thing gen6rally cue of ControVhrſyl wil 
the Learned) that there is a Principle uf Gi 

_ towards the Ctiitef of the Barth, and thut ei ww 
HIVE Thilbence is diffuſed ro all Beifigs'Whwiſoagy 
within the Orb thereof; and hene it is; chat Wel 
inffabit the Earth find no ſuch Thing as ati upp tu 
Iii an under Side of the Earth, but in wil Paswofth 
Sußperffeies thereof. we find a like Nathrat Tee 
 - towards the Centet thereof, a8 is exident by the By 
Xrience of thoſe that Have ſail'd about the We 
- yer in theit ſo far diffetent (if not diametricilſy dh 
e) Places, that they have ſalbd to, hat fe 
jemſelves, atid every patticular Ting, to Ra 
un prefling Inclination towards the Centet of th 
Farth, which ſeeted to them to be 'dowhwaid, 
well as it doth to 1 Now if we grant the Ear ili 
ſtrong Principle of Gravitation, Inclination, of A 
traction towards its Center, which Reaſon and eh 
mon Experience proves; we have Reaſon from thin 
to believe, that the other Bodies, as the "Sui ah 
Moon, have the ſame Principles 6f' Gravitation 9 
watds their Centers, (which may be proved by ſo 
Reaſons, which, to inſert here, would be tod ten! 
Digreffion from the preſent Subject) which bein 
r the Ebbing and Flowing of the 
dea to be occaſion'd by the Attraction of the Sun 0 
Moon (eſpecially the Moon being a ſecondaty Phi 
net, which moves far nearer the Earth, and reſp 
ix for her Center) the Strength of which AttraQion 
although it cannot have any Influence upon the ſolid 
Part of the Earth, yet the Water being a fluid Sub 
| Nance; is more eafily affected wich this attraQiml 
Pöwer, and by Vertue thereof (while the Earth ke 
tains its round Form) the Water is gently ſuck'd and 
drawn into an oval Form, by reaſon of its HA 
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ge B. eee r 
1 thaſe attradiye Medes, Hat 

60g High-Waret where the Hils uf che Qual 
ul onſequeady Low. Water t he - 1a 
Oral;, as may be defficniecoll:abus 2; Sappi 
Hoops made of my Hexibie Sabſtamet, t Wust 
ine Seed, e, 1 2 
one upon che other 5 and nnn, if mm oppoſite De 
be uppermoſt were ended en bra Fonmp us 
tient, Ea or Endiof TDU 
b drawn without: the roh 


to Sides of 
Middle of che Oral Will bt 1 


nd 


Oral were extended aul augnitnred; che Coojaigans, 
or ſhorteſt Diamiater, will be cone ded and daminaliy- 
el; whieh plainly. demonſtrates Sow: che Water, 
when by an attractive Power it is dun abode 1c 
ee ord wo End of the Oral, 1t-nittft ame 
be depreſſed below i 5 $uſua] Pofitior-arirhe cwo Plans. | 
1 Quarter diſtant theſe two pr 
ich Elevation and Depreſſion is 1 
ADS 


High and Low- Water, which 
Hors Diſtance, between High and Low-Water, 
wifrms the Truth frercof, which is alſo e 
the following Reaſons. 
Firſt, Becauſe the Motion of the Tides ow 
follows, and is governed by the Motion of the Moen ; 
ſo that he M oon being upon one and the fame int 
ofthe Compaſs, makes High · Water at any patticular 
Pace, at one and the fame Time, (unless accelerated, 
br retartled, by Winds, Land-fooda, or che like) by 
which it ſeems very probable, that the Moon is che 
frincipal Agent in thts regular Motion of the Sen; 
Ind if ſo, chen nothing likely than chat the In- 
luence of het — ower drawing the flexible 
zubſtamce of Water into an elliptieal or oral Form, as 
before aſſerted, is the Cauſe thereof. 

(a Secondly, It ts obſerved by all, that the Sprivig 
Tides, Geis. at the New N Full Moon) n,. 


vithio it; and Hill, 2 the brün Bes Diabetes 
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_ - principalmoving Cauſe of the Tides, yet che Jug ll. 


upon dhe Water allo, althougti not ſv great ag tr d 
the Moon, (becauſe the Moon is much nearer the 


or Oppoſition; ſas at the Full Moon) then tie Tide 


Wuater at one And che ſame Place, making che Sprinp 
= Tides. But at the Quarters, vix. when the Sun an 


| © this may alſo be illuſtrated thus; Suppoſe Hoop d 
13 Lif a Man with a Rope fixed to one Side thereof ſhould 
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er tha the Neap- Tides (which are at the firſt 
Quins) by which it ſeems evidens, cha 
281 Eid in The lift Paragraphy thar the 


Ving alſo the like artraQting Power; bath an/Influens 


_ Earthpand is a ſecondary Planet, reſpecting the Rani 
For Rer Center). and therefore, whien the Sum and 
Mom are in Conandion (as at the New Moon) 


bechuſe the attractive Influence of the 
4 to that of the Moon, and both raiſe 


Moon are about 90 Degrees, or a Quarter of the 20 
diack diſtant, then the attractive Influence of the hu 
rather impairs that of the Moon ;*the one raiſing thy 
Water where the other depreſſes it; fo that although 
for Reaſons before given, the Influence of the Moon\ 
Attraction upon the Water is greater than that of i 
Sun, and therefore the Tides follow the Motion d 
the Moon, and not of the Sun, yet their contrary Its 
fluences leſſen the greater Influence, viz. that af the 
Moon: which is the Cauſe of the Neap- Tides: ind 


Steel, or any flexible Metal, be faſtned to any Place, 


pull with all his Strength at the ſaid Rope, it od 
make the Hoop decline into an elliptical or oval Fom; 
but if another Man, though of inferior Strength 
ſhould fix a Rope in the ſame Place where the firl} 
was fixed; his Strength added to the firſt would mak 
the Ring or Hoop yet more elliptical, and wol 
ſtretch out the tranſverſe Diameter thereof yet longer, 
in Compariſon of the conjugate. But if the firſt Rope 
remain fixed as before, and the other, managed by in- 
feriour Strength, be removed a Quarter of * oy 


— 


1 N 1 2 


— 
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firſt, then, although the Elle 


N i 
vhance from the 


© the ſtronger Attraction, yet 


0p to retain a Form at leaſt nearer to a true Cir- 
E, than as if the Attraction were all in one Place; 
nl this plaioly illuſtrates the different Attractions, 
ung different Tides, wiz, when the attractive Pow- 
s ae united, their Inſtuence is greater, cauſing the 


ies, 25 at the New and "Full Moons; but when th 
tative Powers are ſeparated,” as at che firſt and laſt 
unter of the Moon, the Influence of the greater 1 

pt ſo apparent, which is at the Neap Tides. 
But my third Reaſon is, Becauſe we ſee that the 
ring Tides at the Equinoxes, viz. in March and 
mer, are commonly higher Tides than the Spting 
lies at the Solſtices, wiz. in June and December; the 
u, and alſo the New and Full Moon, moving in or 


arthe Equinoctial, in a right Aﬀpe& to the Barth; 


Iſtices, by their more oblique Poſition to the Earth. 
which ſeems plainly to prove, that as the Tides 
regulated and governed by the Motion of the 
don, ſo her attractive Power, together with that 
he Sun, when joined with ir, is the original Cauſe 


Now againſt what hath been ſaid, there ſeems two 
gorerned by the Moon, and if her Attraction be 


juld in all Places ſee Weſtwards; but daily Expe- 
ence proves the contrary; for it ſets in ſome Places 
uch, as wow the Coaft of England, and in ſome. 
ces North, as upon the Coaſt of Holland; yea, and 

tlome Places Eaſt, as in St. George's Channel, which 
as againſt my former _—_— 9 1 
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if in ome Meaſure retain its val Form, inclining 
| Ke Poder of the nag 5 
y Attraction will depreſs the other, and cauſe the 


Ier to be more elliptical thereby occaſionirg Spring 


hereas their Influence is ſomewhat impeded at tlie 


nd Objections to ariſe; the firſt is, that if the Tides 


& Ciuſe thereof, her Diurnal Motion bein from 
tto Weſt, it ſnoüld follow that the Flood-Tides 
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Scotland than in England, and ſopnet on the Coaſt of 


bus it is High- Water at Aber deem in Scotland, 4 Min. 
ler Moon's Southing, but at Tinmpyh- Bar, not till 
Hours after, and at the Spurs Hours and 15 Min- 
nd at Cromer 6 Hours, and at Tatma-ib- Peer 9 Hours, 
nd at Harwich 10 Hours, 30 Min; after the Moon's 
aching ;- the Fide, ar the ſame Fime being rawling 


eas the Welt Coaſt of Scotland, and from thence 
| o the Weſt Coaſt of Ireland, the Paſſage between the 
e af Part of Treland, and the South-Welk Fart 
d, being ſo narrow, that the Tide finds lit- 

8: Paſſage ; and therefore the Eaſt Coaſt of Ireland. - 
IS (pplicd by a Tide which ſets Sauthward along the 


A Coaſt ; and hence the Tide flows Eaſtward, a- 
nme South Coaſt, and Northward along the Haſt 
e chereof, as is evident by che Time of High- 


"Wd Change Days, it is High- Water at Seyn-Head, at 
0 Hours 30 Minutes, from thence in 6 Haurs it paſ- 
x * Weft Coaſt, and butts in upon the South 
alt, ſo that at 4 Hours, 30 Minutes, it is High- 
Jer at Kingſale, Cork and Waterford, and from 


a4, &c. and at the ſame time it ſlides Northwards, 
long the Eaſt Coaſt of Ireland ; ſo that in 3 Haurs 


linutes more to the Iſle of Man, &. Thus the ge- 
eral Motion of the Tide to the Southward, having, 
bby a Branch proceeding from thence, filld up all 
de Vacancy between England and Ireland, it proceeds 


io the Southward, and upon the Fpll and Change 
i Ways, it is High-. Water at the Lands ad of England 
; a 7 Hours 30 Min. and in me unwearied Motion — 


900,5. rap Of the Ruit. 41 | 
that the Flood proceeds from the Northward, along 
de Caaſt of Narway, and there finding a Paſſage be- 
een Satlend and Norway, marches along the Eaſh 
Coat of England, and hence it is High- Water ſooner * 


te North Part of England than on the Squth Bart; 


Vater obſerved jo the Tide-Table; for upon the Full 


ence in 45 Minutes more, it paſſes over to Milford, 


Min. it flows from Waterford to Dublin, and in 


* * 4 | 
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3 » 1 the Southward, it finds a Paſſage up St. Gees Chun 
nel, and 4% Minutes after n the Land 
End, it is High- Water at Portland, and in 3 Houm 4 
Min. more, it is got up to the Iſle of Might, Sourbany. 
ton, and Portſmouth, being High- Water at the ſans 
Time on the other Side of the Channel, upon the Co 
of France, about Guernſey and Jenſey, and fo proces 
ſlowly along the Coaſt of France and Holland, Mill u 
the Northward, being ſupplied by a Tide up the 
nel; and this (to follow it no further) may ſufficient 
prove, that the General and Original Motiog'of thy 
TideWeſtwards occaſions its Motion to the Southwart 
along the Coaſt of , Norway, and conſequently! all i 
compounded Motions and Branchings into the hi 
Sea, the Channel, &c. And it is very evident thi 
although the Tide, if not interrupted, ſhould he's 
the Height where the Moon is upon the Meridian 
yet it finding ſo, many whirling Motions to and fig 
between the Lands, the Moon, at the ſame Tin 
keeping her ſtraight and unintercupted Motion to ie 
Weſtward, all the Time that thoſe irregular Vatuitis 
are filling up, it is plain, that the Moon muſt need 
be paſt far from the Meridian before it can be Hi 
Water at ſome of thoſe Places; and yet the Tide be 
caſion'd as before aſſerted; which think will ſuffi 
ently anſwer the two Objections before mention 
and prove this Hypotheſis to be very conſiſtent wid 
Reaſon its ſelf, and the Experience of all Obſervers 
No if any Body will ſtill inſiſt further upon whit 
I hinted upon before, viz. That the Tide is oc 
ſion'd by a Confluence of Water ariſing at the Mut 
ſtream, or Navel. of .the Sea, and proceeding frog 
thence, Cc. and ſor Confirmation thereof, Willa 
ledge, that they have ſeen and obſetved this regula 
Riſing and Sinking of the Water (before ſpoken af 
at that Place; Ianſwer, I can eaſily. approve. of ti 
Opinion, without denying mine on hitherto alt 
ted; for they ate very eaſily reconcilable; ſot it s 
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walls, and very probable, that this Ering an 
ame ſubterraneous Cavern, whereby this Place 
plied from thence; which being granted, it will 


blow, that While the Tide (whoſe general Motion 
» Weſtwards) is interrupted by the Continent'of Nor- 


ige under Ground, and the Tide, by Vertue of the 
de ſuppoſed to be ſo much Water convey d that Way 


that is obſerved : and this being granted, it is evident, 
eds keep Time with the Motion of the Moon, and 


te ſame Original, and is à ſmall Branch there- 
ok; and this we may fee illuſtrated by our com 
non Rivers, whoſe Natural Motion, when interrup- 
el by Banks, or other Impediments, cauſeth the main 
Body of the Water to find a Paſſage ſome other Way; 
jet if, at the ſame Time, any ſmall Holes be found in 


thereby as the ſaid Holes can contain; cho? the main 


ſeemed to confirm that Opinion, that the Tide pro- 


eeeds only from thence, at SG 
To what hath been ſaid I ſhall only add, that this 
that [ have here aſſerted ſeems yet to be further con- 


fem 'd by our Obſervations abroad; for it is obſerved, 


nor upon the Coaſt of Guinea; nor can it be expected, 
A. IO A nccording 


ing and 
Rowing, at che Mael-ſtream, may be occaſion —9 5 


», &c. and thereby is forced to find a Way about! 
he North Cape; yet by the Way, finding this Pi- 


i that obſcure Paſſage can contain, though far hort 
of ſo much as to occaſion that n and Ebbing 
ted, 


dur this Riſing and Falling at che Mael-ftream,-muſt- 
of the reſt of the Tide; becauſe it proceeds from 


he ſaid Banks, there will always ſo mach Water paſs 


Body of Water is forced another Way: Hence, from 
what hath been faid, it is plain, that this ſmall Flood 
and Ebb obſerved at the Mael-ſtream, muſt needs 

have the ſame regular Motion wich the reſt of the 
Tide, which I ſuppoſe has at firſt occaſioned; and ſince” 


that there is little or no Tide at the Straits of Gibralter, , 
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. there is little or 50 Tide in the Baltiel Seg, 


_ if it was High. Water at the Narg and Coaſt: ol Ny, 
Coaſt of Futland Squthward from the Baltioh he, it 


 Ipland Rivers there; but this cannot 


Onaſt of France, Halland, and Jutland, proceeds/ioom: 
St. George's Channel, and comes from thence North 


Tide upon ths Coaſt of Norway ſets to the Southward, 


Coaſt of Futiand, when it may perhaps be Low- e. 
Coaſt of Narway; and if fo; it cannot force Tide in- 
dio the Baltiek Sea, but rather 'a ſucking Qurrent, or 

l usaclination of the Sea from that Place on one Side of 


a u 980 ng 


5 ebe Tide, 
| Ae for i 
Northward, x max beg 


„that by 
AED 


mult be very much c Aa I 
exhauſted, before derne I comes fo far a tho 


Now! ie may be.queſtion'd, whati is the 
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— Tides almoſt on every Side of it 
of Norway, on the North of La 
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8 dete ke 
wer, It is hard abſolutely to eterminew 
Cauſe thereof; but I ſhall lay down ſome ( + 
Aures, which may conduce very much that Way 


4 at the ſame Time that it is High- Water upon the 


muſt needs force a Tide into the Baltic“ Sea, a8 wel 
aan High- Water upon any Coaſt forces à Tide upthe 

reaſqnably be 
expected, if we conſider, — the Tide al the 


wards, pts the ſaid Coaſts of Holland, MQ, but the 


as hath been largely proved, che two Tides bothtfrmi- 
nating at the Mouth of the Baitick Sea; hengs it is 
very probable, that it may be High- Water upon dhe 


8 . . . = 2 rm md = -& =, = x <a 9 


ter, or ſome intermediate Tide, at the Nat, ar South 


che Mouth of the Baltie Sea where it is High: Water, 
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1nd hence it will neceffarily follow, that this Current 
alt ſer ſometimes one Way, and ſometimes another. 
this mayo aſſign d 85 a Reaſon why many have 
5 themſelves deceived in their Reckonings, When 
tending to make the Nate, or. other Lands therea- 
douts; and when they have impured their Miſtake to 
Current ſetting towards that Point of the Compaſss 
wwards which they have feund themſelves unexpect- 
edly carried, thinking rhageby e regulate their future 
Reckonings, they hade Wund chemiblyes at another 
Time, under quite canfraty hence have 


| | 55 * 
concluded that there was no C me but ſome o 
tber Thing hath been the Cauſe of t einEnrd ; where 3 
x, if the Tides upon the Coaſts of Norway and Jutland, © © 
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Ks Wh «jc. on each Side of the Mouth of the Baltick.Sea, 
5 were carefully obſerved and derermined, and the Cur- 

| rent allo wd to run or fet from the Higheſt Water to 
lore the Loweſt, (upon which of theſe Cpaſts ſoever it 
the were) and to be at a Stand only when the Water upon 


— 


both the ſaid Coaſts were of equal Height (Whether 
Riſing or Falling) I queſtion not but that the Motion 
of this Current might thereby be limited and determi- 
ted, as well as the Motion of the Tides elſewhere, 
and due Allowance might be given for the Current 
there, as well as for the Ebbs os re in other Pla- 
3, to the great Satisfaction and Advantage of thoſſß 
thar. uſe the Eqft-Cowniry Trade 1 | 
This Motion of the Tide thus granted, I ſhall next 
ſhew how to find the Time of the Moon's Southing, 
ad (wich 2 little 3 the Time of High- 
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Water by a Sight of the Moon, at any Time of the 
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IT is commonly known, that the New Moon bein 
in Conjunction with the Sun, fouths at Noon, and 
the Full Moon being oppoſite to the Sun, comes to the 
South at Mid-night; and at the Quarters, when ſheis 
- juſt half full, vz: to the Line N. 6 5, which oroſſes the 
Figure directly in the Middle, then ſhe is South at 64. 
Clock, and if the light Half be on the Weſt Sie, 
N. W. S, and ſhe half full, ſhe ſouths at 6 in the Even- 
ing, as at the firſt Quarter; but if the light Half be on 
the Eaſt Side, N. E. S, ſhe ſouths at 6 in the Morning, 
which granted, the Moon's Coming to the South up- 
dn any other Phaſis, or at any intermediate Age, may 
be eaſily gather'd from the Figure above, ag 
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of the Day or: 
| ir of much of the 
t or Weſt Side, and compare it as near as you can 
ih — e conſidering to which Line in the Fi- 
the Light Part will reach, and ob- 

n upon that Line, for that is the 
dur at which the Moon will _ to the Nieridian 
at Day or Night; as for Example. 
polo ths Mooney 55 a ber det 

an half light on the Eaſt Side, ſo that compa- 
oz the Moon with the Figure, I ſuppoſe the Light 
ut to appear like the Light Part of the Figure; then 
obſerve to what Number the Light Part reaches, ane 
obſerve it reaches to the Number 5; and hence 1 
cnclade, that the Moon comes to the South about 1 
lock ; and becauſe! the Light Part is on the Ea 
ie, I conclude it is at 5 in the Morning ſhe will be 
mon the Meridian. 
Again, Suppoſe I * * in the Evening, and che 
wht Part on the Weſt Side, as near as can compute; 
)be like the darker Part of the Figure, towards th 
pic Hand, then obſerving how far the roar Part 
nends, I ſee 3 it comes to the Figure 5, and 
he light Part is on the Weſt Side, I concluded 
x South at 5 in the Evening, Ge. 
And thus às you. obſerve: the Moon two or a 
bays after the Change to appear in the Weſt in the E- 


„obſerre as near as yo 


M 7 


ich by Computation may be ſuppoſed to come as 
wrover the Moon's Body as the Figure 3, I conclude 
le has been upon the South that Afternoon about 3 
Cock, and the next Night you will obſerve the 
Licht to increaſe, and come towards the Figure 4, 1 
anclude ſhe was South that Afternoon between z and 
or near 4, and then perhaps 5 or 6 Days after, I 
ſerve the Light Part increaſed beyond half the Body 
e ax far as the Arch N. 8. S. I en | 
m 


— 


— -. 
\ General Rule; When yon. ſee che Moon atiany | 


is light, whether on the „ 


ming, with a very little Light on the Weſt Side, © 
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_ ſufficient Exactnebs for rechoning the Tü wd 
tefal 8 


e inf: Berapls of l Ta ere 


1haye iũſerted a Tide Tible, in am Alph 
detical Order, in which you need but fim the'N 
of the Port, at which you would Loew ae Them 


; — g, gives the Time ot 
| thiar Place that Day ; as for Example. 
oc half Flood to goa. happen to ſee che” Mood 


| halfthe Body ef the Moon, that the whole light 
che Eaſt Side, 1 tudo ſhe is South at f mt 


Southing, 


— 1 dns tak PA. 
3 ed abe this Wehnen , 
2 .exactlys Minus wt & jv, 


Quarter of an 4 Half an Hour. Sent 
geheraiiy | 
ce Tides to the ure Eaactneſs of 87 | 
you had the Movh's Sourhing ie xattly, 
Winds, or Land Foods, rc: thay alter the Tide, 
few that have the Charge df. a Ship; will Ons 


out, but wilkendeavonc, Lf pe 
beſt of the Tide; and); ob aid | 
painſt it wee, Sheer Ebb or load,” / 01-2661 
The Moon's Southing being thus found; the we 
is to-ſhew how ein en 
at afiy known Port, and for au ff 


bout, or c 


2 and aft it you. have a Numtbere 
— Minutes, which added to the Tims oft 


before 7 


Suppoſe I were lying 


the Morni — 1 1 the Eaſt Side of che Mont 


to be 1 light Part of the Figure bei 
e Wvtte It is by Computation ſo much 


reaeherh to the Figure 5 and be cauſc the Ltr 


Morning „chen I lookin the Tide- Table, in ti 
ter T, "ant find — and againſt it I find 3 Hon 
o Minutes, which added to 5, the Time uf the 0 
the Sum, which is 8 Hours o Min 6 
Time of High- Water at Tinmontb- bar; ſo tha A 


I may go in about 5 10 or 7a Clock, wehe 1 


lem at a Loſs to know how the Tide falls, (ſuppoſing 


k4 Py e, EE. 
4 eee 
ow it is not neceſſity, chat you Thowld- 


this Book or Figure about with you, for 
or With 1 bery lle Practice, ; t the Nature nd 


on of it imprinted in your Aras e. 
. that he 221 85 bemg 2 5 

warts at Neon, von being t A Aves 

he zun, Joutts at Midhight. The Mohr in the fi 

Quarter, is South at ö in the Evening, und at the 

Cutter is South zit 6 in cs —. oh 2 

peliate Times of her Age may be 

wording to the Figure, exact Ar- conpary 

ue of High- Water, ar atly bott Pore wenden in 

Ne Table. 

If any will objekt, that what hath been ſaid Pe * 
ly for finding the Time of High- Water, at Places * 
tentiohed in the Tide. Table, but no ere elſe; 314 
aver, chat by this Way r finding the Moon's Soutn- 
ig; and conſequently: the Time 6f High- Water at a- 

j Port mention d in the Table, together with a 
Ipprehenſion of the General Motion of the Tides, as 

you have it ſufficiently deſcribed and illuſtrated, iim 
te Beginning of this Section, you may be able to 

gre a very good Account of the Tide both at thaſe 
Places inſerted in the Table, and at choſe chat are not, 
wrided you know but u 1 a what Coaſt the Places 
tr, and how ſituate from ſome known Place expreſs'd 


i the Table, and whether they are upon the Sea- 
(ralt, or up ſome River, and the like; as for inſtance, 
Kerpoſe coming from the Weſt of England, up the 
1 annel,intending for Bulloigne,and not having aTide- 
Table that hath the Port of Bulloigne expreſſed in it, 


tat the New Moon) Now ſuppoſe in my Tide-Table, 
find Diepe and Dunłirł (Ports on each Side of Bul- 
lige) 1 upon Examination I find it is High- Water 
KDiepe, on the 8 ull and . Days, at 9 Hours, 
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at he Full T 9 
2 manner, if — the Gem Mow 
the Tide to the Southward, along the Eaſt Goalie 
to the Eaſtward, up the Channel. 6&4, you 

may, by knowing the Time of High-Water at 
Port, very eaſily compute the Flowing and Ebbingof 
_ the Tide at any adjacent Port, and with Allowans 
deep Bays, or l Rivers, you may very net 
demie the Time of High- ater at 00g; beam 


= Now, What is es ſaid of the Tides. ; mad 
25 to their General Motion, the half Tides, Quarter 
_ Tides, and Currents, being a Thing that depends 
nw that is vain 0 n 
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The Uſe of the Table of the Moon's Changing 
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= Month at the Top, and in the common Angle ye 
have the Day and Hour of the Moon's Changin 
that Month. 

Note, M. ſtands for Morning ; A. for Afternon 
Example I defire to know the Moon's Changing it 
June, 1720: Find 1720 in the Left-Hand Colum 

and againſt it, under June, you find 24 36, that! 
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t Wind being N. N. W. viz. within ſix Points of che 
Courſe, we muſt allow ono Point Lee-way from the i 
Wind, which brings it again to N. E. 

for the Diſtance, add up the firſt fix N of 
lots, during which time ſhe lay; upon that Courſe, 
the Sum 21 doubled, an half If Know added, 
wkes in all 44 Miles N. E. for the firſt Courſe. - 

The ſecond Diſtance by the-ſamne Rule, is 39 Miles, 
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Al in the ſecond; which is a Mercators Chart, find 
the Longitude and Latitude come to by the Method 
reſcribed in the firſt Day's work, and their Meeting 
or Interſection is at the Point e, the place of the. 


one Courſe and Diſtance, by another, as in Traverſe, 


|| it too much confine the Draught. 
How to correct a Reckoning by an Obſervation. 
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made good. 116 Miles; the Courſe, with Variation 
allow'd, is N. E. by N. and the reſt as you ſee found 
y the foregoing Method. | 


ng for Leeway, or Variation, the Rule being the ſame 


one Point, only minding to allow as much as it is, and 
the right Way. Thus if a Ship lye North with Wind 
at E. N. E. and 6 Points Leeway, ſhe makes her Way 
good at W. N. W. c. 

My Reckoning at Noon, Augaff 27, brings me into 


titude 57, 34. Now to correct the Reckoning by an 
Obſervation, obſerve this general Rule, | 
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tle line 4 C; but it is abſurd to think that an, 
ould be ſo far miſtaken in their Courſe as to ſteer 
tom 4 to F, when he thought he had been fteering 
tom 4 to C; and therefore we muſt impute the Fault 
to the Diſtance, ſuppoſing that the Miſtake lies there, 
ad that when he thought he had fteer'd from A to 
( his Reckoning was a-head of the Ship, and that 
rden he ſhould have been at C he was only at E, 
lie Space E C being but a tolerable Miſtake in the 


"ole Diftance 4 C. But: 
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But in a more Eaſterly (or Weſterly) Conſe, 8 
poſe a Ship ſail from 4 till his Courſe and Dita 


and the Latitude come to by the Parallel G I but 
Obſervation he is in the Paraltel of Latitude HL 
Now if he were ſuppoſed to keep a right Account 
his Courſe, and the Fault to be in the Diſtance,3 
muſt continue the Line 4 1 till it cut the Parallel 
A, and allow him to be the whole Piſtance I m 
ken in his Account, which is abſurd, and*theref 
impute the Miſtake to the Courſe; and then with 
Foot of the Compaſſes in 4, with the Extent 4 Ty 
ſcribe the Arch 1 L, and draw the-Diftance 4 
equal to 4 I, and ſuppoſe that when he "ſuppoſed! 
nad ſail'd along the Line 4 I he had indeed fail 
along the Line 4 L, the Angle I 4 L, beipg a m 
more tolerable Fault in the Courſe, than the Diſtant 
JX could be ſuppoſed to be in the Diſtance * 
Nite, If you fail in a Current you may eafily | 
groſly miſtaken, either in Courſe or Diſtance ; but 
that ſee more at the latter End of this Book, 
Now in this Example the obſerved Latitude 4 
27 differs from the Latitude by Reckoning the Qua 
tity of 17 Miles or Minutes, and becauſe the To 
Northing is more than the Total Eaſting, I imput 
the Fault to the Diſtance by the Log, and then it 
_ corrected by this Proportion. 1 
As. the Total Northing 223. 6, to the Total Eaſtic 
113. 9, fo the Error in the Northing 27 to the 


ror in the Eaſting 8. neareſt. 
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tude by Obſervation, to the Meridional Difference 
teen the ſame two Latitudes, fo the Error in De- 


[7 7 to the Error i in Longitu e. 


con, being 
of a Minute to be 'ſubtraQ- 
ed from the Longitude by 


Correct by Obſervation. 


nd by the dead Reckoning, it is beſt. to correct 
þ and not to meddle at all with the Departure o 
ference of Longitude, becauſe the Error is ſo ſmall, 

n the foregoing Figure the tfue Departure H 
ning G I, that it is not worth the while to. cor- 


mitude to correct it by. 


Ion, as here Aug. 27, and proceed to the next Day's 


nec this Day, to find ks To 
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2 17278 16 Minutes, (rejecting * oY on. 
* a6 but a Fraction 


Dead Reckoning „the Remain- 
der 19 35 18 the + true Longitude 


But in caſe your Courſe be far Eaſterly or Welt: | 
„ and the Obſerved Latitude differs | from that 
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t it, unleſs you have ſome certain Obfervation of 5 
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ort 8 next 
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be Triangles 4 C, and E ge, are qual by Euc. i 


ne between the Latitude by kg. nd the 


\ 


to the Error in Longitad that i is, as n to 


fers fo little from the Departure Rae by dead 


en you have thus correded your Latitude, De- 
ture, and Difference of Longitude for this Day at - 


_ graduated Line 3 D, accounting every Degree 


agreeing with the former, viz. 53 Miles. 


may find the true Courſe and Diſtance from the d 
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ing; and do the fame alfo with Departure aud 7 
ference of Longitude, nol e that found 
Reckoning, and ſo proceed as before; and When 
get another Obſervation to correct your 'Reckbqj 
by, add up only the Northing and Eaſting made 

ſince the laſt Obſervation, and not of the whole); 
ape, and fo correct again according to this Exainyl 
Now for ſetting off that Day's Work 4 25m 
each Chart, the Method is to be uſed that 95 bel 
directed to, and the Point Z in each Cham, f 
8 the Place of the Ship Agi. 27, 

OOn. | 7 «. N 4 1 7 
Nou if you deſire to know the Courſe and Difta 
from the Ship to the Naze of Norway, it may be d 
. eafily and exactly upon the two laſt Charts, ; 
chiefly upon the laſt of all the three; for in t 
need but {et one Foot of the Compaſſes in the Pull” 
E, where the Ship is, and the other Foot in the . 
B, the Naze of Norway , that Extent applyed to 


Miles, and every ſmall Divifion 10 Miles, gives 
true Diſtance required 53 Miles. 
In the ſecond Chart, which is according to! 
Pright's Projection, commonly call'd Mercator's, if 
fe the Method which you have there preſcribed, 
finding the Diſtance of any two Places upon a 
cator's Chart Geometrically, yon will find it ext 


For finding the Courſe, the Method is the fam 
both; for the Rumbs are right Lines, equally divi 
or at equal Diſtances in both Charts; therefore 
your Charts have the Rumbs upon them, Obl 
which Rumb a Line drawn from the Ship to 
Fort would be parallel to, for that is the Courſe 
q uired; but if you would ſtill be more exact, 


to the Port, by Caſe the Sixth of Mercator s Sail 
5 Trigonometii 


* —_ * * 
1 


10 en) 
1 Lat. 


Nane of Norway id in 8. 0 —21 ©. 
or Diff, of Latitude 26;Merid Diff of Latitude 48 
long. 1 257 n 4 

97 Diff of ae 401. 68124 


90- 10. ocooo 


er Longitude. 8. en 


lang. of the Courſe. 6033-10. 24817 
Then for the Diſtance. b 

ane Comp. Courſe — 8 c x bo 33. 9.69166 
proper D Diff. of Latitude 26 1.41497 

1 Radius + N wot. ee | 


. Di 


* th tt 


$3 172331 


lerly, and the Diſtance 53 Mi 

7 here we may ſee the "intolerable: Error of the 
u Chart, the Ship being at x, and the Naze of 
oy at the Point O, the Extent between them be⸗ 
applied to the Graduated Line 16. 16, and allow- 
15 "Miles to each Degree, gives above 170 Miles 
0 the Ship at z to the Port at ©, and the Courſe be- 


ut can be ſaid againſt the Plain Chart, it is ſtil the 
it uſeful and — amongſt us, Witneſs a great 
n of the Charts and Waggoners that are now Ex- 

it, both in Dutch and Exgliſb, and if the Plain Chart 
s fo groſly Falſe in ſo. ſhort a Voyage as from 
lmirongb-Head to the Naze of Norway, it would ſeem 


nch Encouraged, or being uſed ſhonld not anſiver 


ur End ſo generally vel! as they do. 
: | 


1 


1 "4 and Eaſt and by North, a moſt unſufferable 
| * it ĩs objected by ſome that notwithſtanding) | 


| thoſe Plain Charts and n ſhould not be 


iy $5 y an Obſervation. 23245 * 2 
D | 


\ hip when: tors by Obſery. isin 57. 3479 37 


þ Courſe 60? 10 1. E 4 18 Min. j 


a”. 
ate not grounded upon that Projection, that the f 


AQ upen the ſame Ground that my "Third Chan, 


OI Ba a nd. Attn: — mee 
I Anſwer, I take it for granted that thoſs ©. 


75 Se Lan and Latitude in oy 
we Equ as | commonl | 7 and pro 
Plain Charts are, (for we find no fuch Ming [ 


grees of Longitude upon them) but they are pr 


fore inſerted; is grounded upon, uiz. The True Con 
and Diſtance from Place to Place is foynd, either 
the Latitude and Longitude according td Marca 
Sailing, as I have directed in the Projection of f 
Chart, or elſe the Courſe and Diſtance from Þ 
to Place is found by Experience; thoſe that hy 
ſailed there obſerving diligently what Courſe (. 

all proper Allowance for Variation, .) and; 
what Diſtance carried them from one Plage to a 
ther; and thus comparing their Obſervations of f 


* 


kind with the Obſervations of others, and correct 

| their Obſervations by their Obſerved Latitude, 
And thus one obſerving in one Place of the World 
another in another, and theſe Obſervations being c 
pared, and the moſt agreeable choſen out and 
lected, may probably have given Riſe to aur h 
Waggoners now Extant, which, tho' in Form of Pli 
Charts, yet in that Caſe muſt. needs be true,” and 

be depended upon: For altho' the World is G ld 
lar and not Plain, yet it is Evident, that what 
once the Courſe and Diſtance between any two H 
ces, ſhall always be the Courſe and Diſtance betw 
them. As for Example, Suppoſe after all Allowat 

iven for Variation, Lee-way, Currents, Ec. Il 
that a N. E. by E. Courſe 240 Miles, or 80 Leagut 
carries me from Buchanneſ to ſome known Place 
the Coaſt of Norway; tis certain the ſame Courle a 
Diſtance made good ſhall always do the fame il 
therefore if that Courſe and Diſtance was laid dos 
upon any Chart between theſe two Places, Im 
ſafely depend upon that Chart for my next 2! 
dere, Sat, . oe of, F04  p  O Jade d 


a Plain Chart Detected. %% © 
aadeed it may be Objected, Who can telt howto 


he [ af 10 xactly for Variation and Lee-way, but ef-. ; Ve 4 
” nally for unknown Currents, as to depend upon 
' Ca 


r Reckoning for the True Courſe and Diſtance 4 


as ml Place to lace. . o 1485 


| Anſwer, L agree to that, but yet when two, three, 
more Ships ſail upon the ſame Voyage, and find 
i Accounts nearly to agree, this may make them 
ew hat more confident of their Reckoning, and of 
a Truth ot it; and this I take to be a Reaſon of 
e Improvements that are yet dayly made in Charts 
nd Vaggoners z theſe Charts and Tables of Latitude 
ü Longitude which are of a later Date, having / 


mbtleſs attained nearer the Truth by a 13 
nfuence of Obſervations, and thereby differing: 


0 Wc: or leſs from thoſe of more Ancient Date, both 
Latitude, but chiefly in Longitude of Places; 
Wi och Difference we muſt impute to our attaining 


erer to the Truth, and to Miſtakes formerly com- 
10 rd, the Places themſelves remaining Fixed and 
S COmmoveable as to their Situation upon the Surface 

£ the Earth. f. 5 2 WH ee 
From what hath been ſaid it will follow that it is 

vt neceſſary to diſſwade any Mariner from the Uſe _ 
wa tboſe Charts and Waggoners now in Print, but it 
g cather an Encouragement to uſe them, and truſt 
them as very good Helps; but let not this be an 

0 acement to Perſons that have had plentiful Ex- 
prience of the Truth and Sufficiency of thoſe Charts 
ud Wapgoners, preſently to decline the Uſe of them 
E fall to York to make Charts of their own, and | 
ala to them, if they have no other Way for it but 

lat Hypotheſis of ſuppoſing the Degrees of Latitude 
nd Longitude to be every where equal (which I have 
uiiciently proved is not the Ground of the Projecti- 
of thoſe true Sea-Charts now in Uſe) the ab- 
me ed and intolerable Falſhood of which Hypotheſis 
* Wreſaid I have ſafficjently proved and demonſtrated, | 
25 71 2 5 R 4 f Note, E- 
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4.6 ref * the N n * TY 


P n. Courſe that Day u N. EN. 98 Miles, ./ . 

One! | 

del The given Number for three Lat. is mM 

n te find, 1 e 

1 b Lan. | forthe bana. 7 

f E. . Ul LINES Departure 

de i %% £2, a. of Eaſting 54. 
74 450 | 39, or rather 


a0 FIPS LE: 
8113 Diff. 8 —— | g 2 


| It ſhould be 81. 55 bat 4390 | 
15 te Error is only 7, od F4 | 
12 6 occaſioned by Omitting 5 | 
the two laſt Figures of the U 5 
139 pven Number. | | - 
Diff. Latitude 81 3, or 1 deg . 27 min. hence the 
a Latitude come to is 55 deg. 29 min 
n 1 


na For Difference of Longitude, the Middle Latitude 
4 48, but the next greater whole Degree is 57, 
whoſe given Number in the ſecond Table is 3735 | 


but [ ſhall 2 uſe * firſt two Figures 57. 


" [Ss The Diff of 
nl RET Long. 95 m. 
326 or id. 35m. 


Departure with Cyphers 5 4 4 095 the Remain, 
WI Given a W 1 being but 2 


ay 3 Fraction of a 
tt : Minute, we 
ff 


reject ĩt. 


TY 


23 m fame bein ©. lp 


The fue Day's Work caſt wp; by the Dew Meth 


The Courſe 23-445; or 334 dhe Diſtance 98 Mil 
For the Natural Radius Bo: 337 d 1 py Mabel 
the Second, they that can work by croſs Mültiplicati. 


on, need not Han the Fraction to Pate 


NES below. _- , 4 
1 2357 3 
* 1560. to g8:: 9 33 oben 
— | 33% | 
33 by 39 ig 19 — © 
+ of 3318 244 „ 
The ſame again 244 29433 
2 of 2 woRejett. . 4 60.7 ee 
— | 2720 
9 K 2500 | 29 20 


3. 415% For Diff Lat. 8 Rule * Third 
57. 2 Sum of the Sides 1534 
Diff. of the Sides 436 
| wy | 9144. | 
4572 
6096 
Product. 6644. 644 81. 5 fn. 
64. root of the 
— Product & 
161 Y264 Diff. Lat. 
4161 required. 
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1831 


. For 
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e y©©6 I 33, = 


1 6 6. "Performed „ te New Method, 2 
of middle | 


For Diff Longitude, the G 
Latitude is 35, its Naturel Radius is 61: 8 
p35 to 36. 4. os 61 to Diff e 3 


544 
TROY iC; or I 95 min. x 
— deg. 35 min, e Dil Dif. of 
544 — Longitude firs 
3164 ; 28 8 8 
3318.4 7-4 5 | ub 


And thus you fee the Excellency and Uſefulneſs of 
this New Method, by which altho* by ſtreſs of Wea- 


ther, or Cruelty of Enemies, you had loft all Charts, 
Books, Tables, and Inftruments, yet you may without 


any of them kee as Juſt an Account of ons Ship's 
— both in Longitude and Latitude, as you gan 
them; as this and other Examples inſerted elſe- | 


vhere i in this Book make manifeſt, 
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Hue to make an Orthographick Projection of 
the Sphere, commonly called the Analemma;, 
.. whereby moſt of the Neceſſary Queſtions in 
 - Mftronomy may be Reſolved without Trigono- 
metrical Calculation, only by the Help of Scale 
and Compaſſes, e 


& LTHO' I have not deſigned this Boak fors 
Treatiſe of Aſtronomy, and other-ſphericat 
| Operations (that being ſufficient to make 2 
reatiſe of itſelf) and therefore have ſupplied that 
by Inſerting all the Aſtronomical Tables, ready Cal 
culated, that are of Uſe in the Practice of Navigati- 
on: And have alfo laid down a Method for finding 
the Variation of the Compaſs, without Azimuth: or 
Amplitude, &'.. yet for the ſake of ſuch as delight 
Zn Aſtronomical Operations, I ſhall ſhew the Learner 
how to ſolve all Neceſſary Aſtronomical Queſtions by 
the Analemma, or Orthographick Projection, upon 
the Plain of the Meridian; And in this Manner of 
Projection, the Eye is ſuppoſed to/be Perpendicular 
to that great Circle upon whoſe Plain the Projection 
is made, and at an infinite Diſtance from the ſad 
Circle; fo that any Line let fall from the Eye upon 
any Place within the ſaid Circle, ſhall be Perpendicu- 
Jar to the ſaid Plain, and then will the * * 


W c- K__+4 oc. cc a— << WL) ming uw ., am at... 
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Circle (or Meridian of the Place,when 
1pon the Plain of the Meridian) be a perfect Circle. All 
igt Circles that divide the Pre jection in 2 equal Parts 


xe ſtraight Lines, or Diameters, of the Primitive Cir= 
de, and all Oblique Circles that Divide the Primitive 
into two unequal Parts, and yet Touch it at Oppoſite © 


points are Semi-Ellipſes, or half Oval Circles; and 
il Parallels, or leſſer Circles, are right Lines, cutting 


the Primitive in two ug 5 Parts; and Parts of 


Lines that ſerye for the of any Aſtronomi 
cal Queſtions, are Parts of ſome of thoſe Circles, or 


ſuppoſed to be ſo, and are Meaſured or Projected ac- 


ar - 
' 


cording to the followi 
The Primitive Circle * 
of 60 Degrees of any 


ections. 
drawn with the Chord 
us large or ſmall) any 


di | 
Part of it is meaſured upon the Chords to the ſame 


Radius. Any Part of à right Circle is meaſured up- 


on the Sines. Any Part of an Qblique Circle (when 


required to be meaſured, which is but ſeldom) may be 
meaſured on the Chords, being firſt reduced tq the 
Primitive Circle thus, Draw two Lines thro' the two 
Paints in the Oblique Circle, the Diſtance between 
which is to be meaſured, and let the ſaid two Lines 
be Drawn Parallel to that Right Circle which cuts 


the ſaid - Oblique Circle at Right Angles, and Mark 
where theſe two Parallels cut the Primitive Circle, and 


the Diſtance between theſe two Marks meaſured on 


the Chords, is the Meafare of the Arch of the Oblique 


Circle required, - - 

Note, There is no Way to Project theſe Oblique 
Circles, but by finding a great Number of Pointe 
through which they are to paſs, and ſo by a ſteady 
Hand, or the help of a Bow, draw it thro' the ſaid 
Points; but the Operation being Tedious, and of lit- 
tle Uſe, it is ſeldom put in Practice: Nevertheleſs 
| (hall hereafter ſhew how they are done, as alſo all 


the reſt, as in the following Exawple, | 


Kl i Of the Ortbographick, 8c. 237 
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n Orthographick Projection of the Shs uy; ( 
© the Plain of the Meridian, fr 33 E 
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3 Hy: oF ns e 
Hi, With the Chord of 60, Draw the Circle P nee 
S, to repreſent the Meridian; then draw the Dis l. 
meter H O to repreſent the Horizon, and at Right t 
Angles to it Draw the Line Z N to repreſent the WW 7 
Prime Vertical; then ſet off the Latitude 51 32 (taken £qui 

off the Chords) from o to P, and from H to &, and Wy, 

| Draw the Line P RS to repreſent the Axis of the Bt; 
World, P the North Pole, and & the South Pole: Wi: 
Ihen at Right Angles with the Line PS, . ; 


ect. 1 Projetion of the Sphere. "255 | 
line E & to repreſent the Equator: Then fet te 
Chord e given Declination 22. 30 from E to D, 
nd from © to C, and Draw the Line D C the Pa- 
nllel of the San's Declination: Set off alſo the Chord | 
of the given Altitude 45. o, from H to 4, and from 
) to L, and draw the Line 4 L the Parallel of 4 
de Sun's Altitude: Then where theſe two Parallels 4 
JL, and D C interſect each other, as at the Point | 
6, is the Place, of the dun at that time. Set off 
the Chord of 23 30, the Suns greateſt Declination 
from E to J, and from & to K, and Draw the Line 
7 Kto repreſent the Ecliptick : Set off alſo the Chord 
i 23 30 from P to g and g, and Draw the Line 
q 4 to repreſent the Arctick Circle, and the ſame from 
tor and v, and Draw the Line rv to repres 
{nt the Antarctick Circle: Then from P, thro the 
Font © draw the Meridian P þ © B; thus here is 
zren in this Meridian the Point P and the Point ©, 
then to find the Point B, another Point thro* which 
this Meridian is to paſs, Divide the Line E R after the 
ane Proportion that the Line D F is Divided, at the 
int ©, that is, as F D to F O, ORE to R B, 
nd make the Mark B, and by the ſame Means find 
the Point h in the Line 35: Then thro' the Points 
?b © B with a Bow, Curving or Bending 122 * 
, draw the Prick d Curving Line P b O I to re- 
reſent a Part of another Meridian: Then thro' the 
tont M (where the Ecliptick croſſeth the Parallel of 
he Sun's 1 draw the Arch P m G (by the 
tbreſaid Method; all which being finiſhed you may | 
Poceed to anſwer the following Probleme. 
1. To find the Sun Longitude or Diſtance from the 
txt Equino&ial Point, © 1 ES” 
The Sun's / Longitude, or Diſtance from the next 
Lninodtial Point, is an Arch of the Ecliptick, con- 
and between the Center R (or Interſection of the 
iptick and Equator) and the Point m, (the Inter- 
don of the Ecliptick and Parallel of Declination) 


* - 
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3 oo ſo here 2 1 meaſured on the Sines, is he 1 Di 


F — Kance from the next yg =o 
= Ip 2. Of the Sun's 
. ike is an Arch o the is — of aa 
the Equinoctial Point R, and the Point where the Me 


 ridian drawn thro? m cats the Equafor, as in C, 6 f 
6, . arg on the Sines, gives the right Alen n 
Mete, If it be thought tuo much Trouble to & 

8 theſe Meridians, all theſe Problems which can be dot 
by the Help o of theſe Meridians, may be done wit 
| but them, if you reduce the leſſer Circles to the cum 
mon Radius; therefore F n is the Sine of the Sun 
night Aſcenſion to a leſſer Radium F Dy which ms 
de reduced to the common Radius thus. - Suppoſe 1 
would find the Sun's right Aſcenſion: Set FD fran 
X to d, upon the Line R E, then with the Extent 
F m, and one foot in d, deſcribe the Arche; a Rt 
ter laid from R, by the Extremity of that Archwil 
cut the Primitive Circle in oz then H o meaſured 
on the Chords is equal to Fm, the Sun's s right Aſc 
ſion requ ired, 
Note, dew ay Archi of a leſſer Circle is to be 
meafired, it muſt be firſt reduced to ths common Re 
dis, and meaſured as before. 
63.15 find the Hour of the Day. 
The Hour from fix a Clock is an Arch of the be 
g rallel of Declination, contain'd between the Line P 
and the Point Sun, which reduced to the common Rs 
dius, and Meaſured as in Problem the ſecond, gives the 
Degrees of a great Circle, which allowing 15 ; degre 
for an hour, and one degree to 4 Minutes of Tun, 
0 gives the Hour from 6. 
4. To find the time of the Sun's Riſing and Setting. 
| The Arch F y reduced to the common Radius by 
Prob. 2. and the Degrees reduced to Time by Prob. 3. 
gives the Hour that the * * before 65 or Sets 
after 6, Ni 
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Nor, IF the Sun had 47 39“ South Deel the 
it muſt . 7 on. 
| "id then the Arch g X reduted as before would 


| 5 7 ey of of Riſingafter, or l % 5 
4 a OCR. * » 
41 #nd the $ of the, Das Might,” 

Fiat part of tl e eo Irre 10 is 


e the Horizon, teduced 
Teng of the 155 or Part which is 7 - 
Length of the Night: Thus 


done: Horizon . 3 
Y, and. y ky 1 
th 42* 30/ North | 


e M 
ſo 7 


. 10 


wit! / gives the Lengt he Dr 

comet the Night Then th Sa 

dune cnztion, gives the the Day, 

ms 0 4 the Lengib ofthe Night | he fans Su : 

1 Wi ft ts Bow e . 
0 

ten - The Sun's: Amplitude is Ach of is Mt | 

Ro ntained between the FE Weſt Poi and the 

wil Point where the Sun riſes or ſets: Thus K y is the 

wed loplitade in North, or R . in South Decl; 

cen. 


wich becanls it 38 n Arch of a great Circle is men- 
fired on the Sines. , 
Note, The Amplitude is always of the ſame Deno- 
4-488 with. the Declination, whether North of 
t | 4 
F ON _ 


The Sun is Eaft or Weſt when in the Line Z N 
and it is 6 a Clock when the San is in the Line F &,. 
therefore the Arch X F, reduced by Prob. 2 and 3, 
gives the Hour after 6 in the Morning, that the Sun 
» due Eaſt, or 6 in the Evening that it is due Welt. 
8. To find the Sun's Altitnde when Eaf or W oft. 99 9 
The Arch R x meaſured on the Sines, — the 

Sun's Altitude when Eaſt or. Weſt. * | 
9. To find the St Altitnde at 6 a Chek. 

The Arch Fw equal to R a, mon on 2 $ines, 
gives the Sun's Altitude at * r 
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before anſwers the, Problem, 
fin J. Ty Ne Fm Aimuth at den Bow | 
fop e 5 in the Morn 1 7 ut Ng. 8 ; 

2 15 ve thought fit to inſert this Brablim, not 9 1 9 
for its Uſefulneſs, but becatiſe it iv'p 5 f 
other Method of reduci à leſſer C rele to the A 
mon Radius, which is the Inverſe of that gp if 8 0 
ducing mentioned ig Prob. 2. As for ran 

cauſe 4 8 the Morning 1s one Hour before' „ 4nd Ry 
. Huy Hout of Time is equal to en of aprat a 
er (or leſſer) Circle; therefore ſet off 15 145 Degrees ne 1 
F towards 3, which is done thus. 8 il, 

Set oft Tee to A upon the Line & H- Sf i 
15 of the Ch ords fron Hits ©, and draw the par 
Line R 3 the neareſt Diſtance from tile Point d 
that Line Net from P to & is 15 Degrees, or an... 
Hour of Time in that lelſer Circle, and he Point + ©"! 
is the Place of the Sun at 5 in the Morning, and el 
Arch 7 & reduced to the common Radius "Prob. 4 
2. gives the Sun's 'Azitnath from the Eaſt No " 
ſt 5 inthe Morning, or from the Weſt Noris 10 


at 7 in the Evening; Jans by this Method ar may 
ſet off any Number of Degrees upon any Paralletor 
leſſer cle . of ent ale in YE a 
SOR, "WF p 
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pier of 3, parallel Cir 1 70 
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IRST, Suppgſe you ſee a Star upon the Merian 
and know not what Star it is, ſee for the Sun 
Right Aſcenſion the Day propoſed, and to that adi 
= _ the'Hour ofthe Night when the Star is upon the Meri 
| diah, cafting away 24, if it exceeds; and for that fn 
look in the Table of Fixed Stars, under Right Aſcen 
| fion,] and the Stan againſt which it ſtands. is the Stu 
1 that yon ſaw upon the Meridian. 
= Example. December 31, at 11 at Night, I ſee a Stay 
= upon the Meridian, which I ſuppoſe to be of the Firſ 
Magnitude, viz. one of the Biggeſt of the Fixed Stars 
I find the, Sun's Right Aſcenſion that Day 19 30 te 
which add the Hour” of the Night, 11, the Sun is 30 
'30z but caſting away 24, there Refts' 6 30, wich 
ook for in the Table of Fixed Stars, under [Right 
/ Aſcenſion] and find it to ſtand againſt Syrius, thi 
Great Deg, ſo I. know it is the Great Dog that Ih 
upon the Meridian, which is a Star of the firſt Magni 
-tade :- Ando 30 others. IND OE 
But if yod know a Star, and deſire to know what 


Time it will be upon the Meridian, ſubtract thi th 
Right Aſcenſion, of the Sun that Day from the Rigi. 
Aſcenſion of the Star mentioned in the Table (Bor 

x rowing 24, if need be) the Remainder is the Time of 


the Star's Coming to the Meridian. Example, Late 
fire to know what Time the. Great Dog comes to-Souti 
February the Firſt, the Sun's Right Aſcenſion that Da) 
is 21, 42, which ſubtracted from 6 30, (the Right 
Aſcenſion of the Great Dag) by adding 24, becauſe if 
© eannot be done otherways, the Sum is 30 30, from 
which take 21 42, the Remainder 8 48 is the Hour 
the Night that the Great Dog comes to the South. 
" Again: If you ſee a known Star upon the 1 9 
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eridian February the ↄth, I deſire to know the Hour 
(the Night; now from February 1 to February 9, is 
4 Minutes a Day, amounts 
| btracted from 8 Hours, 48 
fnutes, the Time of the Great Dog's Southing Februa- 
the Firſt, the Remainder 8 Hours, 16 Minutes, is 
+ Time of the Great Dog's 
With. This Allowance of 4 Minutes a Day may 
„ee for common Uſe, but. if you would be exact, 
uk by the preceeding Rules. | 
[a the laſt Column of the Ta 
Ination of the Fixed Stars, which is of Uſe in taking 
Obſervation : Of which, ſee more in Chap. 7. Sect. 


Southing February the 


ble, you have the De- 


lowing 4 Minutes 


The Magnitnde is of Uſe to know the Bigneſs of a 

; a Star of the firſt Magnitude, being the biggeſt ; 
ſath the leaſt ; and the reſt of Bigneſs proportis» 
ble to their Magnitudes expreſs'd in the Table. 
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N Sailing in a Current it is very evident, that a 
Ship doth not make her Way good according to 
the Courſe ſteered by the Compaſa, and the Diſtance 

un by the Log; but being at the ſame Time privately - 
arried by a Current, her true Cburſe and Diſtance is 
ompounded of the Courſe and Diſtance fail'd, and 

of the Courſe and Motion of ' the Current; therefore ov 
vhere both theſe are given;/you muſt firſt lay dowbn 
the Courſe. and Diſt. ſaibꝰd, and from that the Courſe 
and Motion of the Current; and the Courſe and Di- 

tance from the Place ſaild from, to this laſt Place thus 

bund, is the true Courſe and Diſtance made good as 

in the firſt Queſtion following: A Ship ſails S. E. 100 

Miles from C to 4, and a Current ſets in the ſame. 

time Weſt 30 Miles; now if there was no Current, the 

true Courſe and Diſtance of the Ship would be repre- | 

ſented by the Line C 4 and the Point A, thould repre- 

ſent the Place ſail'd to, but becauſe a Current ſets Weſt 

30 Miles, in the ſame time, I ſet off 30 Miles W. from 

4 to D and the Point D, repreſents the Place fail'dto, 

and the Line C D is the true Courſe and Diſt. made 

good; and hence in every Queſtion in Currents, there 
8 conſtituted a plain Triangle, either Right Angled, | 
or Oblique, the Angles of which ſome call the Angles 
| © 
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| 4 dbl Reflection, Deflection, and Incidence, as 


| n e 
4 3 rly the An 18 uf Pes, fte 
the Angle of Chance: But I' ſhall 


0 ve treble 19 Memory with theſe ; I re by 


— ves pix fare the Cote 0 
3 Courſe Ep. And nee, ote 
That by the * or the Courſe ſteered, I men 
tze Conrle by the Compaſs, and by the Diſtance, 
mean the Diſtance by the Leg, but by Courſe ar 
Diſtance made good, Tatean le true Courſe and Ii 
ſtance of the Ship from the Place ſail'd from, to the 
Place come to, with Allowance for the Curtent, Kt. 
I here are ſeveral Caſes and Varieties. in Current 
but Three 25 chiefly uleful: The Firſt is, when the 
- Courſe and Diſtance is yen, with the Courſe aud 
Motion of the Current 1415 ven, to d the Courſe 
and Diſtance made good.. The Second is, when the 
Courſe — Dittance fail'd, and Courſe and Diſtance 
made good is given to find the Courſe and Motion of 
the non ei The Third is, when the Courſa and 
Diſtance. made good, and Courſe and Motion of the 
Current 1s given, to find the Courſe and Diſtance ſail'd, 
and this.is.of great Uſe when the Bearing and Diftance 
of two Ports or. Iſlands are given, and the"Coutſe and 


| - Motion of a Current between them is alſo given, to find 


how much to lay your Ship to the Windward of her: 
true Courſe, that ſo the Set of Current with that 
N. « There, may pad uy her to An E 
Por 152 Lich 998 
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nd ent ſets EFT. 45 
Miles Weſt 1 in B ITh 7 T. 


te ſame time, ſet off 30 Miles "Bong 215 D beat 


ip at D; therefore draw the Line C D then is the 
tiangle CB D the true Projection of the Queſtion, 
th Allowance for the Current, in which the Angle 
CD 25. 56. is the true Courſe made good, the 
Hypotenuſe C C D 81. 6. the Diſtance, the Leg C B 


vrometrical] ly, 


Arithnetical 
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om 4 to D is Weſt ; then, is the true Place of the 


10. 7. is the difference of Latitude, and B. D. 40. 7. 
che Departure, as may be found by Meaſuring them 


il the Comſe and. Diſtance | 
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Ak — 1 90-10 doo 
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So dine Camp. Courſe . 984g 


E difference gf Latitude rp, go 70 180 


The departure is alſo 70. equal to difference of L 
titude, becauſe the Coarls is South Eaſt, Viz, at 
Ang le of 45 degrees, 

Bat becauſe the Current had. ſet ber 30 Miles w. 
the ſame time, therefore ſubtract 30 from, the d 
parture found 70.7, there remains 40,7, the true d 
parture with allowance for the Current. 

Then you have the true difference of Latitude at 
Departure given to find Courſe and Dn, by 


the Sixth of plain Sailing. 
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To Leparture ———— 40 7— 760% 
80 i Is Radius. — — — xs 8071 10. Oc 
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Pasrofti0 viz. An Angle of 
ä Degrees, the Diſtar 

Not! 2 760, the [Difference 
N Latitude 70 5; and 
| N Departure! the fame 
. i, „ found before 


| mould the Skip be the 
but eee the Current in that Lie Vath ft 
= a Ship 36 Miles N. N. V. therefore fet off 30 M 
=_ IW: from 4 to'd, which may be dan by i Th 
= Rule laid down nin Trav ailing Geometrical ; M. uh 


the Line C4 is NE em it muſt neh 
Nor Ve from A to c; and then ſeeing the Curret 
N. , . which is 2 Points to the Northward 
FAT N, therefore. with, the' Chor ef 80% and of 
Foot in "draw the Arch ge, up ſet. off 
Points fem g toe and draw A e, lich is N N. 
Line, upon which ſet off 30 (the Current's Race) flo 
4 to 'd, and then is the true Place of the Ship at d, h 
true Diſtance, C d 73 2 Miles, her Difference of Lat 
tude c q 430 Miles, and her Departure gd 59 
Miles, and the Arch & b meaſures the Angle at C 540 
the Courſe required, 
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a N Se 10. N 90 
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e whole Difference of Latitude C BYo „leaves Cg 
e true Difference of Latitude 43 o; an the Leg & 
11 5, ſabtracted from the whole Departure 70 7, 
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A Ship ſails (by che Compaft) 8: 1 
and Ship: ſas at #Place which is 87 to be 
from the Place ſaild- from: S. E. by 8. 54 Miles, 
ving been deceived by an unknown Current) L. d& 
mand which Way the e ſets, and how faſt, fot 
ſing. na to ſail” by the 'Log 24 Miles 
our. 
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005 111 beben 1 0 Li NI by 1 ; 
N Sn bital ConflruBion. Me ec 
1 ly ba! IS 20 2 Hie io ST 101 97 
—— . 111 2 . In this, and all other: Caſes - 


8 Wale 88 well as plain 97 
114) 213 Travuerſe, We. draw tlie Non 
South Line A B, and ſet off th 


\ Courſe ſteer'd 8. by Er and th if 
. Diſtance 36 Miles From 4 to C the 
4 then ſet off alſo the Courſe an 71 


Diſtance made good 5% Miles 
* wh Strom A'to D: Then be 
I. S e by the Courſe ſteer d | 
— — che Cat and Diſtance run 
the Log, the lip ſhould have been at C, but is foun 


at 9.5 therefore I am ſure there is ſome Current * 
e 


Line C Y for the ſet of the Current, which mea- 
l will be found te be 25 Miles. And the Angle 
eb accounted from the NM by V. Point (becauſe 
Line C 4 is a * V. Line) will be found to be 
points from the N. by ards, biz. E. S. E. 
Neg. 9 Min. ſoutherly, for the true Courſe of the 
rent by the Rule laid down in Traverſe failing 


metrical for laying down Courſes by Diſtance of 


FO Arithmotical Colowlation. 
Triangle 4 C D, you have given the 


ln the obli 


hole between them 2 Points, or 225 30! (being the 
ance between J. by E. and S. E. by S.) to find the 
hole 4 C D, and the fide C D, by Caſe the Fourth of 
Ilque plain Triangles. — <. GO ob; 
I the Sum of the given ſides 90 - 8.04576 
0 their Difference —18— 1.25527 
Tang. of £ Sum of ariknown Angles 78: 45: 10.70134 


The half difference of the Angles — 4379 
ded to the half fam <———— 78 45 


le ſum is the Angle 4 C D ——123 54 
ch reduced to Points of the Compaſs, is 11 Points, 
Deg 9 Min. and that accounted from N. by V. finds 
E. o deg. 9 min. ſoutherly, for the true Courſe 


the Current. 5 : | 
151 Then for the Side C. D. the Current's Race in that 
6 h AE Co. Ar. 

As ſine of the Angle 4CD 123: 54!—0.08092 

0 the fide 4 D —— ———— 54 ——1.73239 


i fine of the Angle CAD — 22 30—9.58283 


\ 


Aa 
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ine in the fame Time from C to D, therefore draw 


+ 4C 36 Miles, and the fide 4 D 54 Miles, and the 


Tag: of 4 their Difference———45. 9 10.037) 


o the fide C D required Wh ane | 


* OOO 2 K wn ee OT 4 wa i = 


. F = "75 
. 'S F ” 
== | JJ 8 
l / 


| : 
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So that the Current ſet 25 Miles Z. S. E. 9 min. 6, 
therly, in the time that the Ship fail'd, by the dc 
Miles S. by E. and ſuppoſing the Ship to fail 4 Mud! 
= an Hour, ſhe would fail 36 Miles in 9 Hours, in which i 
1 time the Current ſet 25 Miles, therefore divide 2; 0 
| 9, the Quotient 23 Miles is the Hourly Motion i"! 
- /. _ | the Current. | = ©. 
x 95 | re 
Caſe III. Courſe-and Diſtance made good by th 
Ship, and Courſe and Motion of the Current giveſ Ca 
to find the Courſe and Diſtance ſail'd : Or, more pr 
perly thus, Having the Bearing and Diſtance, betweeW 
two Ports or Iſlands, given, and having alſo Ie 
Courſe and Motion of a Current that lies betweaſ 
them given, to find what Courſe to ſteer by the Co. 
paſs, or how much to Windward of your true Cour 70 
to ſteer, that ſo the Compound Motion of the Shit 
may juſt ſet her to the deſired Port. hs 
here are two Iſlands 4 and B. The Courſe fru In 
B to Ais South 40 Degrees, Weſterly 80 Miles: bi 
Current ſets Eaſt 23 Miles an Hour, a ſhip fails, An 
Miles an Hour, I demand what Courſe ſhe muſt tea? 
from B to 4, and how far ſhe muſt ſail by the L“, 
before ſhe arrive at A, the Port deſired. - 
r 
Geometrical Conſtru@ion. bo 
Draw the Nu 
and South Line Intl 
D, and ſet off ti} 
Courſe and UL as 
fance from B to IL 
South 40 Degree! 
Weſt, 80 Miles fru 
B to 4. Then b Lot 
ua, cauſe the Curre! 
D ſets Eaſt, _— | * 
al 
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fat and Weſt Line 4 C at Pleaſure, by the Rule liad 
lown in Traverſe ſailing Geometrical, then is the ſide 
4 8 80 Miles, and the Angle B 4 C 130* oo! given; 
hut you have no other ſide nor Angle given in the 
oblique Triangle 4 B C, but you have the Proportion 
of the two ſides C A and C B, for C A reprefents the 
Motion of the Current 24 Miles an Hour, and B C 
rpreſents the Motion of the Ship thro' the Water 44 


(aſe the Second of oblique plain Triangles. 
lathe fide BC ag, or in Decimals 4.5 Co.4.9.34679 


To the Angle B A C —— —130.0 9.88425 
$ the ſide A C21, —— 2:5—— 0.39794 


To the ſine of the Angle ABC 25. 9.62898 


kngle 4 B C 25.11, and draw the Line B C to cut 4 
Cin C, and then is the Projection finiſhed, and the 
Angle 4 B C 25 11 added to the Angle 4B D 
40 ol, the ſum 65*—1x/ from the South Weſterly, or 
V. S. V. almoſt 4 Sowtberly, is the Courſe that the Ship 
= ſteer to gain the Port with Allowance for the 
urrent, | 5 3 
Then for the fide B C, the Diſtance fail'd by the 
log, ſubtract the ſum of the two Angles A and B 
NatM'55*—1 1! from 180% —o/, the Remainder 24*—49/ 
ne In the Angle 4C B. Then | 45 


. ine of the Angle 40 B 24.49 Co. A.. o. 350g 
Jo its oppoſite ſide B 4— 80 -—1.90209 
2-0 fine of the Angle B AC— 130—0 9.88425 


— — 


The Diſtance ſai ld by the Log is 146 Miles, and 
be Rate of Sailing is 42 Miles an Hour, therefore di- 


Miles an Hour: Therefore find the Angle 4 B C by. 


The Angle 4 B C is 25 — /, therefore make the 


bo the fide oppofite BC — 146 — — 2.16439 


Aa 2 vide 


340 Queſtions concerning Currents. 
vide 145 by 4, the Quotient 325 13 the Hour: 
the ſhip will be in failing from B to 4 
Now if you would: prove the Work, multi 
the Hours that the ſhip is in ſailing by 24, the M 
that the Current ſets in one Hour, the Quotient 91 
| is the Miles that the Current ſets in that Time rep 
ſented 14. fide AC, which you will alſo figd to be 


by the following Canon. 

As Sine of B AC — — 130 Co. 4. 0.11573 
To ſide oppoſite BB C——— 146 ——— 2.16435 
S0 fine of 4 5 . 25.1 9.6289 


that 


_ 
* 
o 


To ſide oppoſite 4 C —— — 32.1 — 7,0 


Note, It is neceſſary in this Caſe to know how faf 
the ſhip ſails, for the faſter ſhe ſails, the leſs ſhe nee 
lye to Windward of her true Courſe againſt the Cur 


cans. 


/ 
i 


Queſtions concern career. 


oni. & Quiſtion V. 


There are other Varieties in ſailing in a Current, 
bme of which I ſhall inftance for the Learner's Im- 
wrement and Diverſion. 


{ Current ſets 32 Miles a Day E. N. E. a v Sailing 


i therein fleers 8. 8. E. by the Comps 3, and fi that in 

157588 24 Hours fhe is 0 Ale inf — the Place ſail'd 

643088 frm ; I demand upon what Point fre bath ber 
2 good, hd | bow fer fre bath ſail'd by the EC? 


dum ConfireGion 


Draw the MN. and s. 
Line 4 B, and ſet off 
the ſhip's Courſe fieer'd 
G. 8. E. 22. 30, and 
draw the Line 4 C con- 
tinued; then any where 
upon that Line, as at C, 
draw an E. M. E. Line 


ule laid down in Tra- 
verſe ſailing Geometri- 
cal to repreſent the Set 
of the Current, upon 
which ſet off 32 Miles, 
Current's Motion in 24 Hours, from C to D, then 


re happens to be the Length of the Line CD, be- 
auſe C D is perpendicular to 4 0) draw the Parallel 
V then with 70 Miles (the Diſtance made good) 
your Compaſſes, and one Foot in 4 deſcribe the 
ich B continued, and where it cuts the Parallel 
I as ing, begin n the Line g E, drawing it Parallel 
bite Line DC: Then is 4g 70 Miles the Diſt. made 
| aa 3 good, 


- x .. 
* = 4 
3 * 


as the Line D C by the 


it the neareſt Diſtance from D to the Line 40 (which 8 


FN 


$42 Queſtions concerning Currents; 
good, Eg 32 Miles, the Set of the Current B. N 
The Line 4 E 62. 3 Miles, the Diſtance faild by th 
Log, and the Angle E 4g 27* :2/ added to the 4; 
gle BAC 22*—-30!, the Sum 49*—42! is the Cour 
made good from the South Eaſtward, or the Arch x 
meaſured on the Rumbs, gives S, E. 4 Deg. 42 Mir 7 
Eaſterly. N 5 q 


ji 
/ 


off 


Arithmetical Calculation. . : 


In the Triangle 4 Eg you have given the Diſtanc 
made gbod. Ag 70 Miles, and the Motion of 

Current E g 32 Miles, and the Angle A E (whic 
happens here to be a Right Angle) 90 deg, to find. 
Angle EA thus. 5 BE} 


F 4 | 7 | 
As fide 4g - — — 70 — 1.845 
To Angle oppoſite 4 EA — — $0.0 10:c000 
80 fide E g————————z — 1751 


To Angle oppoſite E A g — 27,12 — 96e 


The Angle E Ag 27/12! added to the Angle B4 
22 30 the Sum 490 — 42 ig the true Courſe, mat 


ood from the South Eaſtwards, vz. S. E. 44 
Falterly. : 1 L 28 5 05 


Then for the Side 4 E the Diſtance fail by the Ly 


As the Angle A E — — 90. —10. 000 
To Side oppoſite A g — 70 — 1.849 
50 the Angle 4g E —— ——— 62.48 —9.949 


— —— 


To ſide oppoſite AE —— — 62.3 — 


The Courſe made good is 8E 4 420 Eaſter 
and the Diſtance ſail'd by the Log is 62.3 Miles. 
Ang if you would proye the Work by an” 
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i Queſtion, and propoſing it in the firſt Caſe f 
nent Sailing thus. 8 
4 Ship fails 8. 8. E. 62.3 Miles in a Current that 
n E. N. E. 32 Miles, in the ſame time you will find 
Anſwer produces 70 Miles S. E. 4* 42! Eaſterly, 
the Courſe and Diſtance made good. 
Note, although in this Caſe the Triangle 4 E g is 
ht Angled, becauſe, the Current's Race E. N. E. | 
nes 2 Right Angle with the Ship's Courſe S. S. E. 
in any other Caſe it would have been an oblique | 
angle; but the Rules both for Projection and | 
lculation would have been the ſame. .- 


Queſtion the Fifth, A Ship fails 72 Miles a Day 
7 the Log, in a Current that ſets Eaſt 12 Miles a 
Ly, and then finds that ſhe hath made her Way good 
; South Eaft, I demand what Courſe ſhe ſteer d by 
r Compaſs, and what diſtance ſhe made good. 


' Geometrical Conſtruction. 
Draw 4 B, and 
with an Angle of 45 
deg. the Courſe made 
good, draw the Line 
4 C continu'd, then 
with 72 the Diſtance 
ſail'd by the Log 
| ſweep the Arch Bd; 
then any where up- 
on the Line 4B ag 
at B, make an Eaſt 
YO and Weſt Line be- 
aſe the Current ſets Eaſt ; then take 12 Miles in your 
ompaſſes the Current's Motion, and ſet it Parallel to 
„ and ſo as that it may juſt extend from the Arch 
to the Line 4 C, as here from e to g, and draw 
le Line e g and tis done 1 if you think this 
Ethod tog mechanical for laying dawn the Line x 8 


Aa 3 you 


li 
ll 


So ſide e — 12 — 10% 


8 Queſtion: concerning Currents, ws 
you may do it thus: You fore-ſee that in the Triany 

4 eg when laid down, there will be given the fide 
e 72, and the Angle oppoſite to it 45- deg. 
lee g 12, to find the Tale e Ag thus. 


As ſide 4e —— 2 Co. Ar. 8.1426 
To ſine of Angle oppoſite 4 g e — 45.0 — 9084 


fs hy 
* 
# % », 


— 


o ſine of Angle oppoſite g 4s — 6.46 — 9.0713 
which added to the Angle 4 h e 45 deg. the am 5 
46 ſubtracted from 180, leaves 128. 14. the Ang 
A eg, therefore baving ſet off 72, from 4, upon the lj 
Ae from A to e, at e draw the Line e g, to make 


Angle of 128.14 with the Line 4 e, this Line WM nc 
carefully done will juſt contain 12 ſuch Parts, where ci 
the Line 4 e contains 72, by that time it is extend be 
to cut the Line Ag. Wy , Q 

Then for the Tide A g the Diſtance made good. 5: 


As ſine of e 4g —— ———— 6.46 Co. 40.525 l on 
| 'To ſide e'y 3 — — — 12 „ 1.079 th 
Bo ſine of Ae g — 128.14 — 9.895 fi 


: To fide Ag the Diſt. made good-- 80 — 1.903 


Therefore for the Courſe ſteer'd, ſubtract the Ang 
e Ag 6.46 from the whole Angle givenb Ag Aut 
Remainder 38.14 is theAngle,b A e the Courſe ſteer 
— ſide 4 g found to be 80 is the Diſtance ma 

ood. | 

Note, In finding the fine of any Angle ahove 
Degrees, you muſt ſubtract the Angle (whoſe ſine 
required) from 180 deg. the fine of the Remaind: 
is the ſine of the Angle required, as in the ExamP 
above, where the ſine of 128.14 is required, ſubtis 
128.14 from 180, the Remainder 3146“ ſought 10 


1 4 © 
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Table of ſines, the ſine anſwering to it is 9.8951 
ich is alſo. the ſine of 128.14 which was — 
the Reaſon of which -1s evident from the Diagram at 
the Beginning of this Book, in which if you account 
128˙14 / from & upon the Arch E 90 &, it will reach 
to the Point x, and the Perpendicular x z is equal to a 
perpendicular let fall from 51*46', as you may obs A 
frve by the Degrees numbred from & upwards, -. WM 
wards 99, the ſame Dees and Minute which anſwers 7 
to 128 14 if numbred from k, anſwers to 51 46 if 
numbred from S. GC. OTE 2 3 

And thus much for plain Sailing in a Current; 1 
nany more Queſtions might be invented from other 'F 
Data s, but I would ſtudy Brevity, that the Book may 
not be too chargeable to the Buyer, ſuppoſing that by a 
night Underſtanding of theſe Rules the Ingenious wilt 
be able to, project, and anſwer any other Caſe or 
Queſtion In that kind; and as for Traverſe Sailing in 
2 Current, although I thought to have placed it in a 
Sion or Chapter by it ſelf, yet I find it altogether, 
needleſs ; for the Courſes being firſt all reduced to 
one, by the Rules laid down in Traverſe Sailing, 
the Operation for allowing for known Currents, or 
fnding the Courſe and Motion of unknown Currents, 
8 the very ſame with the Rules here laid down, 


| 
j 
| 
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Ti: may alſo be divided into ſeveral Caſey, of 
which I ſhall ſpeak in order; but that which is 
chiefly uſeful is where the Courſe and Motion of the 
Current is given, with the Courſe. and Diſtance be. 
tween the Place ſail'd from, and the Place bound for, M : 
and from what Point the Wind blows, and how near the 
Wind the Ship will make her way good (for theſe four I U 
Things are commonly given or known) to find how i ; 
long ſhe muſt 1ye upon each Tack to gain her Port, BF 1 
ſuppoſing her Rate of running or Miles fail'd in an Wn, 


Hour by the Log, be alſo given or known, i. 
| i the 

Wl 

WI 


Exanpl, J. 


\ ; 


There are two Iſlands A and B, 4 is diſtant from 
90 Leagues due North: A Curxent ſets from 4 
wards B ſouth 2 Miles an Hour, a Ship at A In- 
ending for B meets with the Wind at South, gets 
ter Starboard Tacks aboard, and makes 2 Way 
pod within 72 Degrees of the Wind, and fails four 
Miles an Hour by the Lug, I demand how long ſhe 
muſt lye upon each Tack to gain her Port, and what 
Courſe ſhe makes good. | 


Geometrical Conſtruction. 


1 — 4 
repreſenti 
the — 
Diſtanceof the 
2 Iſlands wiz, 
N. o Leagues, 
upon the Mid- 
dle of which 
erect the Per- 
pendicul ar d 
i c, then draw 
| + the Line 4 C 
to make an Angle of- 72 Degrees, with the Line' 4 
B, and continue the Line 4 C till it cut the Perpendi- 
qalar DC in C, and draw the Line C B, ſo {hall the 
lloſceles Triangle 4 B C repreſent the two Iſlands, 
and the Ship's way to them without any Allowance for 
the Current, the Line 4 C repreſentiug the Ship's Way 
with her Starboard Tacks aboard 72 deg. from the 
Wind, and the Line e B her Way, with the Larboard 
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ple, Tacks aboard to fetch the Iſland ; but becauſe every 
Hour while the Ship ſails four: Miles by the Log, 
tte Current ſets her 2 Miles to the Southward, there: 

ae. | tore 


<w 2 


Jab Queſtions conevning Quran. 
fore find how many Hours the Ship is in Sailing fro 
A to C by the Leg; in order to which you muſt fn, 
the fide 4 C by dividing the Iſoſiceles Triangle 45 
into tee Right angled Triangles 1 de and #9, 
then in the Triangle 4 De you have given the Les 
44 x5 (being half the whole Line 4 B which? 
90) and the Angle 4 4% 72 d. conſtquently the An 
gle 4 Cd 8* —1' to find the Hypotenuſe 4 C by G 

the fourth, of right Angled plain Triangles. 


To fide oppoſite 4 d ———— 45 — 1.65221 
So Radius 4d c — — 90—0 — 10.0500 


Hence Ac is 1451 Leagues or 426 Miles, which divi- 
ded by 4 the Miles ſail'd in one Hour, the Quotient 
109 is the Hours, in which the Ship fails from 4 to 
C; but the Current ſetting South 2 Miles an Hour, 
tis plain that in 109 Hours it hath. ſet South 218 
Miles, or 72+ Leagues; therefore draw the South 
Line c g, becauſe while ſhe ſail'd by the Log from 4 
to C, the Current hath ſet her from c to g, therefore 
draw the Line 4g which ſhall repreſent the true 
compound Motion of the Ship or Courſe made good ; 
but becauſe ſhe is to Tye upon that Tack, but only 
till ſhe be got half Way to the Port ſail'd for, ob- 
ſerve where the Line A g cuts the Perpendicular dc 
as in e, and then is the Angle d 4e 49 37“ the 
true Courſe made good by reaſon of the Current, and 
the Line Ae the true Diſtance ſail'd upon the Star- 
board Tack, viz. 69.3 Leagues, and e B the Diſtance 
ſail'd upon the Lar. Tack being alſo 69.3 Leag. But to 
know how far ſhe will have ſail d by the Log, by that 
time that ſhe will be at e by the Help of the Current, 
draw ek parallel to gc, this Paralle] thall cut 4 a 


Queſtions concerning Currents: 249 
en © 20 
meaſured 


Id by the Log, which divided by four, the Miles 
uld by the Log in one Hour, gives 411 Hours, the 
ne to ſtand upon the Starboard Tack, and the ſane 
gon the Larboard, to fall in with the Iſland at 
| Kc. | ES . . 


2% nn the oblique Triangle 4c g, there is given the 
fide 4 c 436Miles, X- ſide c g 218 Miles, and the 
\ngle included 4 cg 108*—o/ to find the Angle 
4%, by Caſe the Fourth of oblique angled plain 
Tnangles. x 


u dum of the fides 54 Co. Ar. 7.18443 
o Diff, of the hdes ——— — 21 8— 2.33845 
Tang. of 4 ſum of unkno. Ang. 36.0 <—: 9.861426 


Tang of 3 their Difference— 13.37 — 9.38414 


The half difference 13* 37! ſubtracted from the half 
lm 36,0, reſts 22* 23! the Angle C A g which fub- 
racted from the whole Angle d 4C 72*—o' leaves 
ie Angle d 4 e 49-37 the Courſe made good. 
Then for the true Diſtance made good 4e. In the 
angle 4 d e you have given Ad 45 Leagues, and 
lie Angle d 4 e 49 37', conſequently the Angle A e 
40'—22/ to find 4 e by Caſe the ſecond of Right 
ugled plain Triangles. | 


u Sine of 4 e d — 40˙—23.— 9.81150 
lo ſide oppoſite 4 d 45 —— 1.65221 
* Radius —— 90 co 10.00000 


— } 


po 1e 4 5 Then 


| 
| 
| 
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55.5 Leagues, or 166.5 Miles, which divided by 4, t 
Miles fail'd in one Hour by the Log, the Quotie 


Tack, in which Time ſheis carried by the Help oft 
upon the larboard Tack, ſhe will arrive at B, the de 


rent, would have required 218 Hours, or 9 Days, an 


N CY , 
a 
Y-- 
* 


Then for the Diftance fail'd by the Log 4 l (oll 
by the Help of the Current ſhe is carried to e) 
In the Triangle 4 ke, you have given Ae 6 9.3.2 


ACg 108*—ol, and 4e & equal to A ge equal. 
d Ae 49 —37/, and k Ae 22%? 237, equal to 7 1 
find the ſide 4 x by Caſe the firſt o oblique Angi 
plain Triangles. _ .+% 
As ſine of 4 k e ——=———108* —0! Co. Ar. 0.021 | 
To fide oppoſite Ae —— 69.3 ———— 1,840) 


80 ſine of Ae k————— 49.37—— 9586 


To fide oppoſite 4 k —== 55.5 ——— 1.744 
The fide 4 L, the diſtance ſail'd by the Log 


412 is the Hours that ſhe muſt lye upon the ftarbo: 


Current from 4 to e, and then lying the ſame Tir 
fired Port; ſo that in 83 Hours, ſhe performs th 
Voyage of 90 Leagues, although upon a Wind by th 
Help of the Current, which, had there been no Cu 


2 Hours, 


Queſtiot 


— — — EIS 
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There ave 2 Iſlands diflant 400 Miles N. and S. from 
wh other, ſuppoſe A and B. A being the Northermaſ - 
{Ship at A intending for B., meets with the Wind at 
lath, ſhe gets ber flarboard Tacks Aboard, and makes ber 
In good through the Water, within 72 Degrees of the" 
Find, a Curio at the ſame Time ſetting South 24 Miles a 

Dy, be food 4 Days upon each Tack, and then arrived at 

kr Hyt at B: I demand my Courſe and Diſtance mads 

kd upon each Tack. ILL 


E 

C 
E 
F 
B 


* 
TIN 


Geometrical ConfiruTion. 


Draw the Line 4 B 4oo, and at an Angle of 72 \ 
Degrees, draw 4 D and B D to cut each other in D, 
ad from that Interſection let fall the Perpendicular 
c, which will fall upon the Middle of the Line 4B, 
ten is the Projection finiſhed without Allowance for 
le Current; but becauſe in that 4 Days that ſhe had 
kr ſtarboard Tacks aboard, the Current had ſet her 
Miles, ſet off 96 from C to e and b, and draw 
Rand eg parallel to C D, and where theſe Paraliels 
at the Lines 4 D and B D, as at g and &, — 

ine 


_ K 
40 
* 0 4 
* 
4 a * = 
4 * * 2 
- "1 
4 


F 1 . 
14 Dig 


e. 2 = : — 
- 2 £3 2 
* % * oY 
Fd . _—_—_ ” * 
* wo 


L.ine g k to cut the Perpendicular E D in , and then 
for theſe Lines ſhall repreſent the true compound 
Motion of che ip, of Courſe and Diſtance — whit 
vis. The Angle GC 4m 5/745 is the Courſe made gol 
from rhe Meridian, and: the Line 4 n equal to n If 


[FD 
| Mil | | 
en 
: * 
* * "i ”% 4 * 9 ; 
R * 6 1 


1 


eqn 
to find the ſide 4 m. 


to the Interſection at m, draw: the Lines £m and B » 


pon each Ta 


. 1 
* „ © * . 
# 3 1 


the true Diſtanee fail d u ck, ais. 3726 


* 


#rithmetical Calculation © 


In the Triangle Ae f right angled at e, yo hay 
given the Leg A e 104, and the Angle e Ag 729. cor 
ſequently the Angle 4 g e 18d. to find the Hypote 


As fine of 4g 9 — —18˙—0 . 9.48998 
To ſide oppoſite 4e. 104 — 2.0100 
So Radius 90.01. ooo 


To Hypotenuſe 4 g-———-—336.5— 2.5276 
Then in the oblique Triangle 4 f n, yon have 


given the ſide Ag 336.5 and the fide g m 96, becauſe 
al to Ce, and the Angle included 4 g m 108˙—0 


As Sum of the ſide ———— 432.5 — 7.3610 
To difference of the fides —— 240.5— 2.28021 
So Tang. 3 ſum of unkn. Angles— 72.0 10.4882! 


To Tang 3 their difference 59.29 10 22945 


1 


* mw jo . i ; * ? 
——_ * 


"Y Hence the Angle g 4m is 14*— 11% which ſub- 
BR » ted from the who Angle CAD TI, leaves. the 
Curſe made good, C dm 37 — 49/. Then for 


ung 
— 
d 
2.6 


&: Diſtance made good, 


1 14*11! — 0.61079 


v fine of L g m — 108-0 — 9.97820 


Jo fide oppoſite Am — 372.6 — 2.57126 


The Diftance made good upon each Tack is 372.8 
Wiles; the Diftance ſail d by the Log upon each Tack 
14g and Bk 336.5, the Courſe made good 57.4 
LULL the Meridian. | | 
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Jo fide 0 ite g 2 — 96 I ER 1.98227 


254 Queſtions concerning Curtents.' 


#64 Ig Maſter of ' Ship having taken a Freight from | 


Son aboard along with him to gain Experience, he 


ſet, and how the Iſlands bore upon each other, cau 


his Buſineſs there, they ſteered North Weſt, and Ry 


Weſt, 4 D muſt be South Eaſt, 


a 
r . ov ” 
* 


5 +.» ©, Queſtion the Sixth. 


Iſland at 4, to another Iſland at B, and having 


quires of his Father, whether there was not a Curre 
ſetting upon ſome Point between the two Iſlands; 

Father refuſing to tell him, bid him obſerve wel] t 
Dead Reckoning Outward-bound, and alſo Home; a 
ſee if he could not, by comparing them, find thet 
Courſe and Motion of the Current: Whereupon 
Captain, who knew very well what Way the Curre 


them to ſteer away South, and 1n Running 270 Mi 
upon that Courſe, they arrived at B, and having do 


ning 380 Miles upon that Courſe, they arrived at 
Now I demand, How the Iflands bear from each 
ther, and how far diſtant; alſo which way the C 
rent ſets, and how faſt, ſuppoſin2 the Ship fail'd; 
ways at the Rate of five Miles an Hour by the Log 90 


Geometrical Conſtruction. 


Draw the North and South A- 
Line 4 C 270 Miles, the firſt 
Courſe and Diſtance ; then be- 
cauſe her Courſe home was N. þ 
W. to 4, draw the Line 40 Z 
at an Angle of 45 deg. from 4 
C (becauſe if D 4 be North c 


: 1 F 
and conſequently make an An- ? | Wy 
gle of 45 deg with the Line AC) un 
and ſet off 280 from Ato D, and draw the Line 0 
Which repreſents the Motion of the Current during! 
Ships Sailing from 4 to C and from D to 4; of 

| * 
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ding of which you have given the ſide 4 C270, a 


the ſide 4 D 380 and the contain'd Angle 45 deg. 


find the Angle 4 CD by Caſe the fourth, of Ob- 


we plain Triangles, 7 
b Sum of the ſides —— 650. Co. Ar. 7.1 8708 
v Difference of the ſides— 110, ——— 2.04139 
Tang. of: Sum of unkn. Ang. 67.30 ——  10.38277 


v Tang. of 4 their difference 22. 13 8 9.61124 


The half Sum added to the half Difference, makes 
te bigger Angle 4 C D 89.43. | 


Then for the fide CD 
3 | . Co. Ar. 
h ſne of 40 - — 89.43ä— 0,00.0t 
To fide oppoſite 4 D — —— 380 - 2.57978 
fine of C40 —— —— 45.0 9.84948 
[o fide oppoſite E D. ——— 2687, -— 2.42927 


The fide C D 268.7 Miles is the Current's Race du- 
Wiz the whole Voyage: Now to find the Bearing and 


tance of the Iſlands, we ſee that in the whole 
ſoyage, out and home the Ship runs 650 Miles, 
ich at 5 Miles an Hour, requires 130 Hours, in 
sich time the Current ſets 268.7 Miles, but her 
oyage outward being but 270 Miles, which at g 
liles an Hour requires but 54 Hours, therefore ſay 


I! the Rule of Three, if in 130 Hours the Current 
ks 258.7 Miles, how far will it ſet in 54 Hours? 


268.7 
54 ll 
6 44890 9. 14 
10748 2332 | © (110! fere 
13435 11 
14509.8 "= 
| B b 2 The 


m 
- 23. 3 _ 


356 Queſtions concerning Currents, 
The Current's Race while the Ship ſails by the L. 
from 4 to C is 1107+ almoſt, but for Eaſe of workin! 
we will call it 110.8, which ſet upon the Line C D fr 
[ taz, and draw 4 B which repreſents the true Con 
| and. Diſtance between the two Iſlands, for the findi 
= of which by Calculation, you have given] in the Tn 
| angle 4 B C, the fide AC 270, and the ſide C 
110,8, and the contained Angle 4 CB 89. 43, to fin 
the Angle C 4 B, by Caſe the Fourth, of Obliq 
plain Triangles. 


AsS Fides 80.8 * 
Sum of ſides oo 380.8 — 7.4193 
o Difference of the ſides . 159.2— 2.201 

o Tang. of: Sum unknown Angles-- 45.8— 10 0020 


To Tang. of z their Difference 22.4)— 9.6232 


Hence the Angle C A B is 22* 217, the true Cout 
from A to B South Eaſterly, which is S. S. E. - Qui 


Southerly. 
Then for the fide 4 B the true Diftance betws 
the Iſlands. t * 


1 Co. At 
As ſine of C 4 B —. — 22.2] ——0,4199 
5 ſide oppoſite C B — — 110.8 — 2,445 

o ſine of 4C 8 —— 89.43 — 9.9999 


To ſide oppoſite 4 B —— — 291.4 — 2.4644 


The true Diſtance between the two Iſlands is 291 
Miles. — 

The Courſe of the Current is the Angle 401 
found by the firſt Operation 897. 4.3! from the North 
Eaſterly which is Eaſt 17 Minutes Northerly, and: 


for the Rate or Motion of the Current's — it 18 
0 100 


hy * 
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bond 7 divid} _— the whole Race of the Current 
F the whole Number of Hours that the Ship 
le "Sal 130, the Quotient is the Miles that. 


& Current ſets in one TT 28 appears by the 


Aion. —— 
Ta _ 
\ fin _ 26870 2 97 
io x30 0 110 


„ 4 om 4 to B is 8. 8. E. o — 9 m Southerly —— 
9 e Diſtance 291.4 Miles, the Courſe of the 
ag Eaſt o d. 17 n. Northerly, and its Rate or Motiof 
02088 2:17. Miles an Hour. 

Now if you would prove the Truth of the 

in you may eaſily do it, by Inverting the Queftio 

id Stating it in the firſt Caſe of Current Saiting 


4 Ship fails South 5 Miles an Hour i in 2 Current, 

ut ſets Eaſt 17 min. Northerly 271 .. Miles an Hour, 
mand the Courſe and Diſtance made good, and 
u will find it will produce 8. S. E. 9 min. 12 * 


0 „ 22 
* 
* 


Hence 3 in anſwer to what was demanded, the _ 


— 


r the Courſe, and 291.4 Miles for the Diſtance; but 
hall leave the Operation for the mor s Practice, | 
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Pleaſant and uſeful : 
QUESTIONs 


1 Thought to have added other Varieties of Queſtion 
concerning Currents, but this being but an Apper 
dix to a ſmall Treatiſe, I fear if I ſhould proceed, 
ſhould exceed my intended Bounds, and therefor 
ſhall add no more, ſuppoſing that by what is laid dot 
the Ingenious Student may eaſily Learn to Proje 
and Anſwer any other neceſſary Queſtion in tha 
kind: I ſhall now proceed according to my Promiſ 

to Inſert ſome other pleaſant and uſeful Queſtions ta 
the Reader's Improvement and Diverſion. 


Queſtion the Firſt, 


here is a round Sea or Lake of an unknown Diamtt 

upon which the Wind is obſeru'd to blow always one Wa 
but upon what Point of the Compaſs is unknown ; upon 1 
Coaſt here are two Ports A and B, Diametrically opp 
to each other, ſo ſituate that the Trade Wind blowing the 
wall be ſome where upon ths Earboard Quarter, durv 
their Sailing from A to B, but how many Points abaft t! 
Beam is unknown, the Courſe and Diſtance between i 
to Ports ts alſo unknown, — A Ship at Am 


2 


Pleaſant and uſeful Queſtions. © E: 
B, was no ſooner got out of the Harbour, but be was 
oſmlted by Frates, who after a long Conſtict carry'd away 
u Main. Maſt, Mizow- Maſt, Fore- Top- Maſt, and alſo bis 
luer, and came aboard to Plunder, taking away bis Goods, - 
k; Books, Infiruments,” Charts, Compaſſes, &c. being left 
x this Diſtreſs he ſets his Fore-Sail, and having no Rudder 
wr any more Sail to command ber with, be let her drive 
Right before the Wind, till at laft ſhe drove a Shore in a 
ile Creek, altogether unknown by the Maſter, nor did be 
buy the Courſe or Diſtance from this Creek, either to 
e Port fail d from, or to the Port bound for: However 
re he got ſuch Maſts and Sails as he had Occafton for, 
nth a Rudder, and all that was Neceſſary to the working 
f the Ship, bat could get no Books, Charts, Inſtruments, 
r Compaſs : I demand what Means he muſt uſe to guide 
71 to the Port at B. e | 


Anſwer. 


Although at firſt ſight this Queſtion ſeems impoſ- 
ble to be anſwer'd from what is given, yet with a 
lle Conſideration it is very eaſy ; the Solution of it 
grounded altogether upon the Thirty firſt. Pro- 
Wholition of the Third Book of Euclid, where it is 
prov'd, that an Angle in a Semicircle is a Right An- 
le Cc. Now the two Ports 4 and B being propos d 
ppoſite to each other, or in a Semicircle, it will 
cceſſarily follow that: to what Place ſoever the Ship 
3 blown from 4, right before the Wind, and put 
I Shore, the ſame Wind upon the Beam would carry 
r od the Port at B, as appears by the Figure 
annexed, 


Bb4 | The 


3F9t _ 


| Pheaſant and uſeful Queſtions, 
B ; | The Angles 4CB I's 
Va right Angles by the 
1 1 Pro ition above-n; 
med; and therefor 


i from A the 

D blown: ber 

Wind to C, tis plait 

Continuing, (as is ben 

as! mutt needs be upor 
A the Beam from C to 


| . blecauſe 40 B is ajuf 
Square, or right Angle, | | 
Or, Suppoſe the Wind blow from 4 to D, and the 
Ship driven before the Wind is blewn aſhore at D 
it is plain that (the Angle 4 D B being a right An 
gle) the ſame Wind muft be upon the Beam from [ 
th B —— and for the ſame Reaſon, if blown befor, 
the Wind from A to E, the Wind will be upon the 
Beam from E to B : Se the Demonſtration in the Ju 


= DTS Fa 


. 


it ſelf. 


Pleaſant and Uſeful Queſtions, "264 " "of 
Queſtion the Second. | 

There is @ yound Lake, whoſe Diameter is 360 Miles, 

the Cuaſ of which lye 2 Ports, A and B, whoſe neareſt 
Verne in a ftraight Line is 120 Miles, but their Bearing 
x Situation is not known : 4 Ship at A ſails away 
Weſt a certain Diftance, and then arrives at a nother un- 
bern Port at C, whoſe Bearing and Diſtance both from A 
md B are wnknown, and at the Port at C be takes in Goods 
125 I demand what Courſe be mf ſteer to find the Port 
a — | 


Firſt, Draw the 
Circle K L M IN to 
repreſent the Lake, 
whoſe Diameter & 
Mor LN is 360 
Miles, then aſſume © 
any Point in the 
Circumference of 
the Circle, as at 4 
to repreſent the 
Port at 4; then 
with 120 in your 
Compaſſes, the Di- 
tance of the Ports 
na ſtreight Line, and one Foot in 4, the other will 
reach to B, biſſect the Arch 4 B at M and thro N 
nd the Center o, draw the Diameter No K, and at 
nght Angles to it the Diameter X M, and draw the 
Line 4 B, then is the Line 49 B the Chord of the 
urch 4 MB and B ꝗ is the Sine of B M to Radius 
Ko 180. Therefore, | 
NY Cn | 2.25527 
Io Radius ———— - 90 00—19.00000 
© g equa] to4 Bg4)-—— — 60—— 1.77815 
Jo Sine of the Angle Bo — 19.28 — 952208 


362 Pheaſant and Uſeful Queſtions. - 
The Angle B 0q 19 28 doubled is 38 56, the 
whole Angle Bo 4 (becauſe the Angles Bog and! 
20 A are equal): Now ſuppoſe a Ship at A fails We 
to an unknown Port at L, I have already proved the 
Angle 40 B to be 38.56, and therefore the Angle 
ALB is 19.28, becauſe an Angle at the Center of x 
Circle is double te an Angle at the Circumference 
by Eucl. Lib. 3. prop. 20; and therefore if from 4 to 
ZE be Weſt, tis plain that from L to B is Eaf 19 Deg, 
28 — Northerly, and that is his Courſe from 1 
to 5, . | 
Or for Variety, if you ſuppoſe the Port at & to be 
| the Port fail'd to, and that from 4 to & is Veſt, then 
from & to B will be Vet 19 Deg. 28 M. North as be. 
| fore, for the Angles AL Band 4 S B are equal, as is 
ſufficiently demonſtrated in Euclid's Elements in the 
forementioned Propoſition. | 
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Queftion the Third. | 7 


A Fleet of Ships with four Men-of-War, with Wind at 
W. by S. ſails away 8 E. 3 Miles an Hour, till Hearing of 
ſome Pyrates to the Northward from them, the Commadore f 
ſends out a Man-of-Way a Cruiſing, who ſails due North ill ” 
7 Miles an Hour, for the Space of 11 Hours, aud finding 
the Pyrate, he (after an Hour's Conflict) took him, the k 
Fleet all the while Sailing S. E. 3 Miles an Hour. Now T 
I demand what Courſe the Man. . Fur and the Hyrate g. 

muſt fleer, that they may juſt fall in with the Fleet, without 
| _ their Courſe, ſuppoſe they ſail 7 Miles ar 
our, 3 5 


Geometrical Conſtruction. m 


Firſt draw the North and South Line CA continued 5 
to B, then from 4 (the Place where the Fleet was , 
. when they heard of the Pyrates) ſet off the S. E. Line; 
4E; then becauſe the Cruiſing Man of- War gol . 
K- h 1 2 


} 


Pleaſant and Uſeful Queſtions. 353 
WI Miles an Hour North, for 11 Hours, viz. 77 Miles: 
and BY «+ off 77 Miles from 4 to B alſo, becauſe the Com- 
We nadore ſail d 3 Miles an Hour the 11 Hours that the 
1 the Man-of-War was in Chaſe, and the one Hour that he 
ngle WY 1:5 engaged, in all 12 Hours, which at 3 Miles an 


of a WM four is 36 Miles S. E. which ſet from 4 to D, then 
Ce, ¶ ithe Commadore at D, and the Cruiſer at B, when 
A to Wl te Cruiſer ſets ſail after the Commadore: Now be- 
veg cauſe the Line A E is South Eaff, or 45 Deg. the Angle 


40 is 135 Deg. the Side 4B is 77, and the Side 4 
D 36, to find the other Angles by Caſe the Fourth of 
oblique plain Triangles, | 8 Ty 


Co. Ar. . 
AsSum of Sides 112 — 7.94693 
To Diff. of Sides 41—1.61278 
v.: Sum unk. An.22.30--9.61722 


To Tang. 3 Diff 8.33 9.17693 


Hence the Angle 4 B D is 13.57, A 
and the Angle ADB is 31.3, to 
fad the Side B D by Caſe the Se- 
cond of oblique plain Triangles. 

| Co. Ar. 
46 8. 4 DB — 31.3-—0.28754 
To Side 48 — 77— 1.88649 
80 8.44 D — 135.0— 9.84948 


To Side BD 105.5 — 2.02351 ". = 


Alſo the Angle 4 D B being 31.3, the Angle BDE 
muſt be 148.57, and although the Sides B E and DE 
ae not given, yet their Proportion to each other is gi- 
ea, viz, As 7 to 3, ſo DE to BE, therefore, | 


As 


1 


ol be and uſeful Ati. 


| . 

A Side B E — — 75. 15491 
Io Sine of Angle wn "i B DB 148.59—yg. 71247 
3 — 8.47712 


te — 34450 


ngle B D E heing 6 148: 57, and DBE 12.46 
D 5 — 70 8.17, then you have gj- 
ven the Ang 5 24 bY D and the Side ry D 
to find the de ide B z the Diſtance fil'd by the Cru: 
| ler before he met with the Fleet, 


| Co. &. 
As Sine of D B Bon — —18.17—0. 5024) 
Jo Side oppoſite B D —— 105.5 —2.02351 
So Sine of BDE ——— 14%57—9.7124 


To. Side oppoſite BE — — — 173. 6 2.23945 


The whole Angle 4 B E 26. 43 is the Courſe fon 
the South Eaſtward, or 8. S. E. 4d. 13m. Eaſterly the 

Cruiſer muſt ſail to fall in with the F let, and his Di- 
ſtance 173.6 Miles before he comes in with them, 
which, at 7 Miles an Hour, would require almoſt 25 


Hours, i in which Time he will fall i in with the F leet, 


\ 1 


* _—_— 


— 


4 
New and exact Method 


for finding the Longitude in any Place 
of the World, any Day at Noon, 
when the Sun can be ſeen without any 
Regard to, or Dependance upon the 
Dead Reckoning. 


A 
945 THE often attempted, but never —— Work 
: of finding the Longitude by an Obſervation is a 
Dificulty, which hath hitherto prov'd Inſuperable, 
the Wren to the beſt Mathematicians in England, and elſe- 
Di- Wrhere, although ſince the late AQ of Parliament, 
em, Wnany have exerted their utmoſt Induſtry for the at- 
| 25 ning of that End, ſome of whom have been ſo far 
t. Whom compleating their Intended Deſign, that they 
have, on the other Hand, rather rendred themſelves 
nd their Works ridiculous, by Publiſhing ſuch Im- 
oper and Improbable Methods, as a certain Artiſt, 
if he deſerves that Name) by certain fixed Stars, 

choſen for each Time of the Year, c. 
— BH Vhereas it is evident, that any fixed Star ſhall come 
pon the Meridian of any Place, at (near) the ſame 
Hour of the Day, that the ſame Star ſhall come upon 
le Meridian of London, although not at _ _ 
| nitant 


366 A eaſy Method © 
Inſtant of Time, but ſooner or later, 3, 4, 5, or 6 
Hours &c. according as the Place is more or leſ 
diſtant Eaſt or Weſt from the Meridian of Londen: 
but if there be that Difference in Hours as to the time 
of a Star's coming upon theſe two different Meridiang 
there is alſo the ſame Difference in Hours between the 
time of the Day or Night at London, and that under 
that Meridian; a South Sun in both Places making 12 
a Clock; and *tis very evident that at the ſame time 
of the Day or Night, that the Star comes upon the 
Meridian of London, it ſhall be the ſame time of the 
Day or Night under any other Meridian, when the 
Star comes upon that Meridian, excepting ſo much x 
the Sun's right Aſcenſion 1s increaſed in the time of 
the Sun's paſſing from one Meridian to the other 
which will cauſe the Star to come ſo much foonet 
upon a Weſterly Meridian then upon an Eaſterly 
But this being ſo little, being but about 4 Minutes o 
time in 24 Hours, or 360 Degrees of Longitude, anc 
but 1 Minute of time in 90 Degrees, it is Imperceptible 
and yet (that ſmall Allowance excepted) there is nc 
difference between theHour of any fixed Star's coming 
to the Meridian of London, and the Hour of the ſam 
Star's coming upon any other Meridian, becauſe t 
- Sun's Motion makes the Hours of the Day, and th 


Star muſt needs come upon the Meridian the fanWEr: 
Quantity of time after the Sun in both places. Indeed d 
if we could certainly know what time of the day or 11,00 Dif 
it is at I ondon, when the Sun or any known Star is upoli le 
the Meridian of any other diſtant Place, the LongiMErr 
tude might be eaſily and exactly found; in order t far 
which let the Maſter provide a good Glaſs, whine] 
may run exactly 24 Hours, or rather 2 good Watch Air 
that hath been obſerv'd athore, to keep 2 true a0MFzccc 
equal Motion, this Watch ſet to the time ot the Peder 
when you depart from any known Meridian, and kein 


going; will ſhew the Difference of Longitude, thi 
| | Wi yo 


For finding the Longitude. 367 
va make whether Eaſt or Weſt, for Example, if 
leſs you {ail Weſtwards, [obſerve juſt when the Sun is 
an: pon the Meridian, and ſee what Hour and Minute it 
imeMi by your Watch, (which if you ſail Weſtward it will 
ns Wl |: paſt 12) for thoſe Hours and Minutes which the 
Watch is paſt 12, when the Sun is upon the Meridian 
reduced to Degrees and Minutes of the Equator, allow- 
vp 15 Degrees to one Hour, and one Degree to every 
Minutes of time, and 15 Minutes of —— to 
me Minute of time, ſhall thew the true Difference of 
Longitude. | | | 


Note, If you Sail Eaſtward, your Watch will want 
bmething of 12 a Clock, when the Sun is upon the 
Meridian, becauſe then you meet the Sun, and have 
tim upon your Meridian before he comes upon the 
Meridian of London; in this Caſe obſerve how much 
your Watch wants of 12 a Clock, and that reduc'd 
4 before gives your Difference of Longitude Eaſterly: 
This in general is the Method that I ſhall recommend 
to the World for this. End. Rb 

But I know it will be preſently objected, that this 
1s no new Thing, nor is it Practicable at Sea; for ſome 
that have attempted to keep ſome Account of their 
Longitude this way, have found themſelves in an 
Error, not finding the Difference between the Watch, 
and the Sun when reduc'd as above, to give the 
Difference of Longitude,” which they were (tor ſome 
Reaſons) pretty confident they had made, and this 
Error they impute to the Watch, and hence have in- 
fred, That a Watch will not go ſo truly and regu- 
larly at Sea as on Shore, by reaſon of the Salt Moiſt 
Air that impedes its Motion or makes it uncertain, 
according to the Variableneſs of the Weather, and 


bereby renders this Method for finding the Longitude 
impracticab le. 5 


I 


. . 5 
* 
2 
$ 


"2 yougay eaſily do, if you provide a little 5 


the Box, keeping it in ſome dry o__ as in you 


1 not but a good Watch ſo kept would go as true at 8 
as aſhore. ä | 


Watch right, or to ſuppoſe her to be fo either at 80 
: or aſhore for a 8001 8 


lities in his Motion divides the time unequally ; 


finding the Longitude you only obſerve the time c 


 ' Equation, eſpecially when the Equation is great, as 


% . 


Account of Longitude, as that 15 or 16 Minutes re 


might be prevented by allowing for the Equation 
time. 
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68 - l ea Method | 
I Tanfiver, 1 do not believe at all that'this Try 
is to he Impated to the Watch if carefully 


* 
5 TIC" 


Box about 4 or 5 Inches Broad, and have 4 
ill'd with fine Cotton, taking part of the Cotton ou 
und putting the Watch towards the Middle of th 
3 the Cotton yo leave in the Box, and Du 
the reſt that you took out upon the Watch, and ſhi 


Cabbin, or upon ſome Shelf near your Bed: I queſtio 


But I ſuppoſe the Errour which hath been obfery' 
and which hath cauſed any to deſiſt from makin 
any Attempts to find the Longitude this way, is fe 
want of a Right underſtanding of the Equation d 
time, without which it is impoſſible to keep a port 


Watch, (or Clock) divides th 
time equally, but the Sun by Reafon of ſome Inequ: 


that if the Sun and a true Watch be ſet together 
ſome times in the Year, yet the Watch will at oth: 
times differ 10, 12, yea ſometimes 16 Minutes froc 
the time given by the Sun, and yet no Fault in th 
Watch, and therefore it is very evident that if fo 


the Day given by the Watch, without regarding th 


or 16 Minutes, you will be ſo much wrong in yc 


duc'd to the Equator amounts to, vix. about 4 Deg 
of Longitude, which is an intolerable Errour, an 


For further Illuſtration hereof, Suppoſe you ſet yc 
Watch with the Sun the ſixth Day of June, then — ; 
0 quati 


5 eee the n 0 a 
atior being in London at the ſame time, 
—_— t 


” — the 23d Day of Offober, 
find your Watch to be got 16 Min. behind the rl 


um hence. if ou do not w.to the contrary) ; 7 
A 


by the Foregoing Rule conclude that you 


Fl your Lon: 4 D. Eaſterly, but if to the time given 


the Watch, you add the Equation 16 Min. the _ 
te true time of the Day by the Sun, and proving yoit 

he in the ſame Meridian has you were under, w 

u ſet your Watch to the Sun, the difference in time 
n pi conſequently. the difference of NNE: being 


tl ing at all. 
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37 An eaſy Method © 
This Equation of time is cauſed by an Inequalit 
of the Sun's Motion from Weſt to Eaft, according 
th Succeſſion, of - $1 $3. for the Swifter tha the 8 
js d his Annual Motion from Weſt to aſt, tl 
Slouer he muſt be in his Diurnal Motion from E; 
to Weſt, as is plain by the Figure in the Margin. 


4 


al 


_ * Suppoſe the Why 
| ABCDEFto 
round upon the C 
ter G once in 
Hours, according 
the Order of 
Letters ABC! 
and in the 
Quantity of ti 
vix. 23 Hours, 
 Sna1lCreegs the 
"——_ = . trary way, fron 
the Point 4is come to the Place here i vat, hd" 
gone once about, yet the Snail wants. the Space I 
of a whole Revolution, and will not be got to the 
where 4 is, till 4 be got ſo far as the Point 9, wh 
will be about another Hour, and if the Stail 
mov'd: yet faſter, fo that in 23 Hours ſhe had 
from A to E, ſhe would have been yet f6 much lang 
in arriving at the Top: viz. About 25 Hours, fr 
hence it is plain, that the Faſter the Snail Creeps 
A towards F, E, &c. The longer ſhe is in coming 
the Top of the Wheel moving the Contrary: way, i 
conſequently the Faſter the Sun Moves from 
to Eaſt in his Annuall Motion according to thes 
ceſſion of Signs, the longer he is in making one Di 
nal Revolution; and although the Sun's Revolu 
from the Meridian to the ſame. Meridian again 
ways Determines the 24 Hours, yet it is. plain ft 
hence that every 24 hours by the Sun is not 24 
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akes a {mall Difference between the Sun and a good 
bach, and is the'octaſion of the aforeſaid Equation | 


thi Inequality of the Sar's Motion proceeds from 
Twofold Caufe. Nt ES ery Fa 


The firſt Canſe is, the Obliquity of the Ecliptick, 
king an Angle with the Equator of 23* — $0! or. 
redbouts 3 now the Ecliptick being properly an Ob. 
ve Circle, the Poles of the Equator, and not of the 

rliptick, being the Poles of the World, and the 

nter of all Diarnal Motion, the Right Aſcenſion e 
dun muſt be accounted upon the Equator : 2 
ice it is manifeſt, that although the Motion of the 
n in the Ecliptick were always equal, yet his 
btion from Weſt to Eaſt, or his right Aſcenſion 
wunted upon the Equator, could not be ſo much, 
[Increaſe ſo faſt in Aries and Librdzwhere the Eclip- 
t makes an Angle of 23* 30! with the Equator, as 
Cancer and N where the Stuss way in the 
lptick is Parall | 


o 


el to the Equator. 


22 — 


To 
' 
4 


Por Illu- 
tion of 
t hath 
n ſaid, — 
Noſe the | _- = Jn Ro? 
ne AB CD to repreſent half the Equator, and the 
h 4 F E D, to repreſent half of the Ecliptick, now 
lough the Segments 4 F and FE and E D tre 
ii yet Perpendiculars let fall from the Points F 
upon the Line 4 B C D, at the Points B and C 
not divide that Line into three equal Parts, from. 
mee it is plain that the Sun's right Aſcenſion DC 
ot ſo much Increaſed by his Rnnning from D to E 
ſo great an Obliquity to the Equator, as the Sun's. 
Ce Right 


> 5 
n N 
* 


374 A eaſy Method ©. 
Right Aſcenſion. C B is in his Running from E to 
where his Motion is almoſt Parallel to the Equator 
and then if his Motion from Weſt to Eaſt be. Swiſte 
in the Tropicks, for Reaſons now given, his Diurn: 
Motion muſt be Slower by the firſt Demonſtration, 
But a 2d Canſe of, this Inequality is occaſioned b 
the Eccentricity-of the Sun's Orb, (whether we all 
the Sun or Earth the Motion it matters not, but i 
this we Caſe ſhall Impute the Motion to the Sun) whic 
moves in his Orb ſometimes nearer, ſometimes farth 
off from the Earth, by which Means although tl 
pun's Motion in his Orb were always equa, yet 
would appear to us to be ſometimes Swifter than 
other times from Weſt to Eaſt, and conſequent! 
Slower in his Diurnal Motion, as you ſee Demonſtr 
tet in the following Figure. NGF 26 


In this Diagram ſuppoſe the Earth at the Center 
about which is Deſcrib'd the Circle 4 B C P, whic 
is equally divided into 12 Parts, at the Points 4. 

2. B. 2, 4. &c. repreſenting the 12 Signs which 1 
themſelves are equally divided. Now if the Sun di 
move in the Circle A B C D, which is equally diftan 
from the Earth ity Center at-E, his Motion wov' 


LAG ai is 
. a. : » 


1 finding the Longitude. VERSE * 4 
ie Regular and certain, but the. Earth being not the 
act Center of the Sun's Orb, makes the Diviſion of 
he Signs, although equal in. themſelves, to appear 
mequal to us: for the Iliuſtration of which, Suppoſe 
he dun to move in the uppermoſt Circle, marked Y ©. * 
1 &c. whoſe Center is at the Mark ©, and ſuppoſe 
the Earth at the Center of the other Circle near the 
Mark E; now although with reſpect to the Center E, 
the Diviſions or Lines drawn from thence are equally 
Diſtant; yet theſe Lines continued to the uppermoſt 
Circle in which the Sun is ſuppos'd to move, the Di- 
ions upon that Circle are very unequal, and there- 
hre although the Sun's proper ſimple Motion ſhould 
e always equal, yet it is very plain that the ſun in 
(zpricorn when neareſt the Earth, ſhall appeat to us 
brun more ſwift, than when in Cancer, in his Aphe- 
lon or greateſt Diſtance from the Earth, by Reaſon 
of the ſmaller Diviſion of the ſigns, not that they are 
Kally ſo, but appear ſo to us, becauſe of the Nearneſs 
if the Sun's Orb to the Earth, as you ſee the Points 
Fand = are Diametrically oppoſite to each other, 
lippoſing the Eye at the Center E, where the Earth 
bſuppos'd to be, and the far greater Part of the Circle 
$2bove the Line T which yet contains but fix 
ns, and the far leſſer part is below that Line which 
wntains alſo ſix Signs, and yet the ſigns equally di · 
nded upon that Circle, whereof the Earth is ſuppos'd 
bbe the Center, 5 | 
Note, Jam not here nndertaking to determine whe- 
her the Sun or Earth be the Center of the World, or 
ether the Orbs of the Planets be Circular or Ellip- 


oY ical; for which way ſo ever it be, this Demonſtration - 
* eves to Illuſtrate what I am now upon, as to the 


Ty tation of Time; and to let the Reader ſee the Rea - 
cn bos thereof, which is all that is expected from this 
Jiftan Vagram. , | | 7 


Now the Occaſion of this Equation being Twofold, 
20 C604 1 
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as is proved, it is plain, that when both the Inequa wall 
ties'tend one Way, it alters the 2 wa 
bout the middle of December, when' the Sun is neare 
the Earth, be appears to move faſter from Wef to , 
by the laſt Demonſtration; and alſo Running then 1 
moſt parallel to the Equator, his 'Motion, accordin 
to the ſucceſſion of Nene muſt be ſwift, by the ſecone 
Demonſtration ; and therefore his Diurnal Motion « 
Revolution from Noon to Noon, muſt require mor 


Time, by the firſt Demonſtration, and conſequenthip 
the Watches muft now go faſter than the Sun; but iis 
June, although that Part of the Ecliptick in which Wc 
is then, Hes nearly parallel to the Equator, as in Dll | 
cember, thereby Accelerating his Eafferly Motion, tOlV 
our Appearance; yet bis Diſtance from the Earth H. 
ing then in Apbelion, helps to Retard it, ſo that this! 
Motion of the Equation is not then fo evident. e 
_* From this Inequality, as grounded upon theſę Tu 

Occaſions,” are the foregoing Tables of Equation of 
Time calculated, which. will ferve for many Years - 
without any ſenfible Alteration. Their Ul; is ſo plain! 
that every Body ay underſtand it; for find th 
Month at the Top of the Leaf, and the Day at ti 
Left Hand, and in the common Angle of Meeting: 
you have the Equation in Minutes and Seconds, wheW't 
ther it be too Faſt or too Slow, as the Title [Watch 
Too Faſt] or [Watch Too Slow] Directs. = [3 
| | 8 ly © I, ed [10] 

And naw forthe Application hereof to the finding th 

Longitude, when you ſet Sail obſerve in your Tad | 
ol Equation of Time, how much the Watch is too Fay": 
or too Slow, and ſet your Watch to it, and not exadi cer 
to the Time of the Day, unleſs it be when the EquagWi«c 
tion is nothing. As for Example, Suppoſe I am bon Va 
upon a Voyage any Day, when the Equation found | 
in the Table 1s Seven Minutes, and the Title [Wat v 
too Slow] I conclude from thence, That/a good Wat ho 


ſhould be Seven Minuts too flow, or behind the Tir 
| VVV 


* 


Watch 
As 
3 


| wb 1 10 0 . I pot 


211 y the 
hes 1 oy Wa at 42 a Cl 1 pot ax 40 
woe py HY I ſet it at 4, L put. it to 53 


ures p ing it by, as 
rect Ja 7 10 20 95 lt 154 

op poke e I have Sail'd ſeye Dope ae Ker 
the Mer —. W om, but whether 
pdt or Ke #5 10k 9 not, find the Bun Jh 
on. the Meri Gan, at my Watch, and find it 
Minutes paſt 3 2 Cl and * N in the — 
bo Table, I 157 V. 2 top Fo 1 Minutes, therefore . 
[ ludtract 12 ates from the Time 2 

„16 Minutes, the Remainder * 


Vatch 3 
Minutes, re ced as befare directed, gives ee Deg. 

Tin. the * Difference of Longitude; but i it had 

F too . 12 min. you 1 added 12 min.ta 

| 6m. | | A 


2 


Note, If you ſet your Watch exactly with the $ Sun 

den the Equation 1s nothing, it-wall always after that 
bold the ſame Equation found in the Table, whether 
wo faſt or too flow, and the ſame Quantity, (if your 
Vatch go right) and that is the Reaſon, . i 25 
bt your "Watch when there is Equation, you 

t the Equation anſwering to that Day, (w Geck aber <1 
r ſlow) and then it wall alſo ba the ſame Equar 


hon, | 


If any Body wil object, that if a Watch proves 
vrong and erroneous, it may cauſe a great Error to be 
rontrafted in this Way of finding the Longitude, 
* to the Slouyneſs or Swiftneſs of the 
ate 
| anſwer, That I agree to; but nevertheleſs when 
Vatches, as well as other Inſtruments, are made by a 
food Workman, and fold toa Gentleman for good and 
ſubſtantial, 
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ſubſtantial, it is commonly expected that they ful 

_ anſwer the End for which Ney en made ad bough | 
and if we will ſuffer this Objection to prevail yet fa 
ther, I anſwer, That witli Reſpe& to the Latitude, 
may as well be urged, that if our Quadrants, For 
ſtaves, or other Inſtruments for that Purpoſe were mad 
wrong, we ſhould be much deceived in our Obfervy 
tions for the Latitude, and yet how few upon ſu 
 Sappofitions will fooliſhly deſiſt from the Ule of thoſ 

En Infra ments for attaining the Latitude; nay, fo f: 
are they from that, that when they find an apparen 
Fault in a Quadrant, they will obſerve carefully what 
the Fault is whether Northerly or Southerly, and hoy 
much, thereby to regulate their- future Obſervations, 
and when all is done, you ſhall rarely find where 
there are many Quadrants, or many Obſervers aboard 
ol one and the ſame Ship, and Obſerving at one and 
the ſame Time, that all their Obſervations ſhall be er 

exactly the ſame, but differ ſometimes 6, 8, 10, 0 

= 20 Minutes, or ſometimes more; and yet theſe Diff 
ho rences are thought tolerable, and the Mariners conti 

F nue to uſe theſe means, and in a great meaſure to truſt 
to them notwithſtanding; for we muſt not expect to 
attain to Infallibility in any Reſpect, whilſt we are 
Traverſing this Terraqueous Globe Not that! a 
would adviſe any Body to be too credulous, or to | 
take either Watches, or other Inftruments, and truit_ 
to them as the beſt, meerly upon the Report of ano- 1 
ther, unleſs you know you have great Reaſon to de. * 
pend upon the Credit of them that ſo recommend 5 
them: But if. you think to make uſe of this Method ” 
for finding the Longitude at Sea, take a Watch along 4 
with you that yon have had ſame Experience of aſhore, L. 
and if you have found that your Watch has gone wel 5 
aſhore, and yet fear that, for the Reaſons before men-M * 
tioned, the may not gn ſo well at Sea, take her along 


with you upon ſome ſhort Coaſt Voyage, waere you 


' _ Por finding the Longitude, 379 
every now and then obſerve whether ſhe keeps 
uns Motion at Sea as well as alhore, and if you 
ud that, notwithſtanding your keeping her ſo care - 
filly, as before directed, the Clammineſs of the Sea 
lir does (as ſome ſuppoſe) retard her Motion, yon may. 
iſe means to quicken her Motion as much as to coun- 
trballance her Dullneſs occaſion d by the Sea-Air, if 
ny ſuch thing be,(whichT cannot believe, if ſhe be kept 
yarm and dry, as before directed) and by this means I 
o not queſtion but that this Method for finding the 
Longitude might be render'd as eaſy and practicable 
n the uſual Methods now in Uſe, for finding the Lati- 
ode by Obſervation, a Thing very deſirable, and 
I therefore deſerves to be encouraged, and put in Prac- 


nice. * * &* ” | 
[ know it is argued by Sailors, (and with Rea- 
bn too) that in Places near the Equinoctial, the De- 
erees of Latitude and Longitude are fo nearly equal, 
ind that the Mercator's Chart and plain Chart are fo 
much alike, that Longitude there need not be much 
rgarded , but the greateſt Neceſſity for it, and Diffi- 
mlty in Attaining it, is in Places nearer the Pole, 
epecially above 60 Degrees of Latitude, where a De- 
gree of Longitude contains not half ſo many Miles as 
: __ of Latitude, which makes the Work more 
cult. 4 | | 


1 


I anſwer, for the Encouragement of thoſe that would 
put in Practice what is here deliver'd, That the nearer 
the Poles that you come, and conſequently, the leſſer 
the Degrees of Longitude are, the more practicable is 
this Method, and the leſs the Errors that can be ſup- 
poſed to be contracted; for in a few Miles Weſting or 
kaſting in Latitudes above 60, where the Degrees of 
Longitude are not half ſo much as a Degree in the 
Equinoctial, you may much more ſenſibly and appa- 
zntly diſcern your difference of Longitude there, than 
nearer the Equinoctial. I have been my ſelf running 
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yet more difficult, the Errors cantracted by this Ope- 
ration will conſequently be leſs, an Error of 6 Leagues 
being as diſcernable in Latitude 72. 300 af an Error of 
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or „ Numbers. Hel. in their. Natural 
Order, from an Unit to 10,000. | 


ih a Table of Artificial S TN ES, TA N 
GENTS, and SECANTS, the RADIUS 
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| 813 Z. 910. 90 2.910144 910197 2.910251 2.910304 | 91 
i 4 8142.910624 2.910678 [2.910731 f. 9107840 z. 910838 7 
_ --* 8152.911158. 911211 [2.911204 [2,g11317]2.911371] 52 | o 


| 816]2+911690[2.911743 ff. 911797 j2.g11850[2.911903 
81) [2.912222 [2.912275 [2-912328[2,g912381[2.912435 
| 818]2.912753 [= 912806 [2.912859 |2,g12912|2.912966 
| 819]2.9132842.913337 [2:913399[2.913443]2:913496 
wo. 820 2-913814 j2-913867 | 913920},.g913973[2-914026] 57 
wo | 821 | 2.914342 j--914396 5144499145022. 914555 
. 1 8222.914872 z-914925 [2:914977 
823 2.91540 ff 915453 [2:915505|>.91 55582-91561] 
8242-915927 915980 [z-910033 ff. 916085. 910138 
| 825 |2-916454[z 916507 f · 916559916612. 916664 
8262 · 916 98E/ 917033 2.917085 [,.g17 1382-917 190 
8272.917505 917558 [2+917610 
8282.918030 f.· 918083 z· 918133 
829 2.918554 2.918607 2 918659 
30% 2-919078 [919130 E- 919183 [2.91923 5.919287 


2.900094 


2+901186 
2.90173 1 


2.902275 


2.9049 


2.911424 
2.911956 
2.912488 
2.913019 
2.912 549 
2.914079 
2.914608 
2.915136 
2.915664 
2.916191 
2.916717 
2.917243 
2.917768 
2.918292 
2.918816 


2. 900640 f · 9 . 9e 


om 2 


2.901295 
2.901 840 


«902329 [2+902384 


903416 ff. 903 470 
2.903958 [2.904012 


| 80 9008 
901349 ·f· 9014 
90189 3.80194 


902439. 902492 


2.902818 f 92873 f. 02927 [z.902.981[2.903036 


905148 ·. 905 20² 


| 2.905526 f. 905 580 j3-905634 [2.905688]2.905742] 
z. 9061 19 
906658 2.9067 12 E. 906766[2 .90682 
2.907 196 f. 9072 50h. 900 


2.910944 
1.911477 
2. 912009 
2.912541 
2.913072 
2., 913602 
2.914131 
2. 914660 
2.915189 
2.915716 
2.916243 
2.916770 
2.917295 
2.917820 
2.918345 
2.918869 


2. 906 173 h. 9oS 227. 906281 


80735 
112.907895 


2 * 
9083 24 [2.9083 782. 
2.08865 2052 


2. 908967 


2.911530 h. 911 584ʃz.911637 
2.912063 [2.912116[2.912169 
2.912594 [2.912647[2-912700] 
2.903125 [2.913 178]2-913231 
2.913055 f. 913708 2.913761 
2 914184 [2,014237|2-91429 

2.914713 [2.914766]. 914819 
2.913241 12.90 5294.915347 
2.915769 [2.915822/2.91587 4 
2.916296 [2.916349]2.916401 
2. .916822 [2.91687 5]2.916927 
2.917348 {2.9174 002917453 
2.917873 [2.91792 5]2-917978 
2.918397 |2.91845c|2-g18502 
2.918921 z .918973[2.919016 


$3cl 2.919340 


2.919792 


2.919444 (2-919496Þ2.919 549]: 5 


31] 74 


r= 


= N * * 
1 — 4 > l +3 9 —— | 
* \ « , : * 1 * 
N * 4 
I "1 > — * . \ ; 
* 
F x 


| (418) 4 Table ef Logarithms 
| Yr. | 1. . I | 3 3 4 15 
| | I 8312.919601 2:919653Þ-919705 fz. 9197 38 2.919810, 52 
| : 3 | 1 832. 2.020123 ,2-920175 2.920228 2 920280 2.920332 F2 
833 2.920645 2-920697]2.920749 . 20801 [2.92853 | 52 
834 2.921 166 2.921218 2.921270 z. 921522 12 921374 52 
83 5 | 2,92 16852-9217 38[2-92.1790 [2.921842 2 921894 52 
836|2.,922206,2-922258]2.922;10ſ2.922362 . 22414 52 
837 2.92272 5,2-922777 2.922829 . 922881 2.922933 | 52 
838 2.9232 44{2-923296[2-923 348 [2.923399 12-923457 | 52 
839|2.923702|\2-923814j2-923865 z. 923947 [2.923969} 32 
840{2.924279,2-924331[2-924383 f. 924434 '2-924486| 52 
— — — | — mms — | nn 
2.9247 90/292 4848|2 924699 f 92495Ij2,925u02 | 52 
| Z {2.925312]2+925364j4+92 5415 2-92 5467 2.925518 52 
| es 8432.92 58282. 925879 925931 2.92 5982 [z. 926034 51 
1. 844 2:926342[2-9263 94j+926445 [2.926497 [2.526548] 51 
B45 |2.926857]2-9259082+926955 2.92 7OIS j2 927062 | SI 
846 | 2.927 370]2-9274221--957473 f. 27524 [2.927576| 51 
847" 2.92788312-92793 5j+927986 [2.928037 [2.928c88] 51 
848 2.928390 z. 928447 2.928498 [2 928549 j2. $28601 | $1 
849 | 2.928908]- 9289 59]--929010 f. 929001 [2.929112 I 
850 2.929419, f. 92947 *+929521 [2.929572 [2.929623 Jl 
881 \2.92992<|2-92998112-930032 [2.930083 [2.930134 | I! 
852 |2.93c44c|2-930491]--9395412.y30592 2.930643 | 51 
853 [2-930949[2+93 00 2.931051 [2.93IT102 [2.931153 | 5! 
8542.931455 2.93 I 5092-93 1560 [2.93 1610 [2.931661 | 5! 
| ' 855 2.931966!/2.932017 2.932068 fz. 932118 [2.932169 | 51 
. 856 2.932474%½ 932 5242-93257 5 [2.932626 [2,932677 | 5! 
I | 857 2.93292r'2-933031]> 933082 [2.933133 [2.933183 | 51 
| 858 2.93 3487,2-933538 2.933508[2.933639[2.933690| 5! 
859 2.933994 !2-93 4044(2+934094 [2.934145 [2.934195 | 5! 
860 2.934498 2.934549 2.934599. 934650. 93 4700 50 
| 861 2.93 5003,*+935054 2 935104 [2.935154 [2.935205 50 
952 [2.9355072:93 5558 2,93 5608 [2.925658 12.935709 | 50 


Z$6 j2-93601112+93 6061 2.936111[2.936162 j2.930Z12 
864 2.956514 2.936564. 936614 2.936664 z. 936715 
| 865|2.937016jz-937066[2.937116 [2.937167 f 937217 | 50 

866 2.977 5182 937568/2.937618|2.937568 (2.937718 | 50 
867 |2.93 8019 2-938069[2.938119 2.93859 f. 938219 50 
8482.938520 2 938570] 938620 |z 938670[2.938720 | 59 
869 2.92902012+93 907 2.939120 [2.939170 [2 939220 50 
870 [2.9295 19/2 939< 692.9; 9619 2.939669 j2-939719.| 50 
87 [2.9400 1812-94: o 2.940118 2, 940168 12.540218 50 
872 z. 9405 60. 94056. 94616 [2.940660 2.940716 | 50 
27 2.941014 2.94 1564.941114 2.941163 2.941213 50 


_ 8731 2.941262 


1.921 


2922983 


2.923503 
2. 92402 1 
2.924538 
2.925054 
2.925570 
2.926085 
2.926600 
2.927114 
2.927627 
2.928140 
2.928652 
2.929163 


2.929674 


2.930185 
2.930694 
2.931203 


2.931712 
2 932220 


2.932727 


2.933234 
2.933740 
2.934246 
2.934751 
2.935255 
2.935759 
2.936262 
2.936765 
2937267 
2.537769 
2-93 8269 
2-938779 
2.939270 
2.939769 
2.940267 
2.940765 


EY Ef TR Bon. 
2.919862 2.919914 |2. 
2.920384 [3.920436 ff. 920489 
2.920906 f. 920958 [2.921010 
2.921426 [3-921478 [2.971530 
921998 [2.922050 
2.922466 {2.922518 [2.922070 
2.923037 [2.923 088 
923555. 923507 


1 
2.924789 924 
2.025106 [2.925157 00 
2.925621 [2.925672 


2. 926137 


2.928191 


4.926881 2.92.67 02 
2.927165 [2.927216 
2.9276781[2.927730[, 
928242 |2. 
2.9287 03 [29287 54 |z. 
2.929214 2.929266 
2.929725 [2.929776 f. 


2.926188 


2.950541“. 
2. 921062. 
2.92 582;ʃR·. 
2.923102]2. 
Z.922622]2. 


2.930236 2.930287 ; 


2.931254 
2.931703 


2.932778 
2.933285 
2.933791 
I 
834801 
99 
2,93 5809 
2.936313 
2.936815 
2.937317 
2 937819 
2.938319 
2.938820 
2.939319 
49377 
2.940317 
2.940815 


2.941313 


2.930745 |2-9307 96 


| 


2.932271 2.932321 


| 


2.931305 
2.931814 


2.932829 


2.934852 


2.938370 
2.938870 


939808 
2.940367 
2. 940865 


941362 


2.93287 n. 
2.933335. 933380 
2.93 3841 [2.93 3892]2. 
2.914347 12.9343 972. 


2.935350 [2.93 54062. | 
2.93 5860]; 93 51d. 93 5960 
2.930363 [2.936413[2. 936463 
2.936865 |, .936916[2.936966 
2.937307 »-9374102-937468 
2.937869. 93791 


9349022. 


2.937969 
.938420[2.93847 


2.938920] 93 897 
2,93 9309 |,.93941912.93946g 


2.9399102.939908 
2..940417[2.$40467 
2 94091 512.940964 


9414121294146: 


Ff2 


| (420 


* 


4 Num. 
— 


2. 96047 10 96051 


BE T 


2.941511,2-941561 
2.942008 2.94205 
2.942 5042942551 
2.943000,2+94304 

2.943494 "943544 
2.943989 2-944031 

£.944483|2-944532 
2.944976/7-945025 
2.94 546929451 

| 2.945961; +9460T0 


2.94645 27 · 946501 
2.946943 · &469 2 
2. 947434½· 94748: 


2.95090c 
2.951386 
2.951872 
2.952308 2.952356 
2. 9527922952841 
0e e 
2.95 3760 953 808 
2.954242. 954291 
2.954725 854773 
2.552062. 955255 
2.955688 2.955736 
2.956 168ʃ 2.9562 16 
2.956649. 956697 
2.9571280 2.957176 
2.95760. 957655 
2. 9580862. 958134 
2 958564j}2 958612 
2.95904112.95908g 
2.959518/2-959566 
2.95999512.960042 


2.960940[2-990994 
2.96142112.96 1468 


5g. 950413: 


8]2.960565 
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IS JPY: 
2.941611 
2.942107 
842603 | 


843593 
944088 
2.944581 
2.945074 
2.945567 
2.946059 


2.946550 
2.947041 
2.947532 


2.950949 
2.951435 
2.951920 
2.952405 
2.952889 
2.953373 
2.953856 
2.954339 
2.954821 
2.955303 
2.955784 
2 955264 
2.956745 


2.957224 
2.957703 
2.958187 
2.958659 
2.959157 
2 959614 
2. 950090 


2.961041 


2-941660j2:941710 
2 942157 [2.942206 
2.942653 2.942702 


943099 [2-943148 |2 943198 


2.943643 [2 943692 
2.944137 [2.944680 
2.94463 1 z. 944186 
2.945124[2-945173. 
2:945616j2.94 $665. 


2.946600 (2.946649 
«947050[2.947139 
2.947581 [2.937630 
2.948070 z. 9481 19 
2.948560 [2.948608 
2.949048[2.949097 


88 [2.949 536[2-949585 
[950024 [2.950073 


2.950511 [2.950560 


2.950997 [2.951046 | 
2.971483 Ef 911532 N. 


2.951969 [2.952017 
2.95245 3E. 95250 
2.952938 f. 952986 
2.953421 f. 953470 
2.953905 f 953953 
2.954287 [24954435 
2.954869 [2.954918 
2.955351 [2.955399 
2.955832 [2.95 5880 


2.956312 [2.956360 


2.956792 j2.956840 
2.957272 f. 957320 
2.957751 fz. 957799 
2.958229 · 958277 
7.958707 [2.9587 55 
2.959184 [2.959232 
2.959661 [2.9597 9 
2.960138z 960185 
2.96c613 [2.9COG6GI 


2.961516 
2.067000 


2.961895. 961 942 


2961089 z. 61136 
2.961567 z. 561611 


2.9461 0812. 946157} 49 


| 


2.062028 b 72088 


r A A EE ER Ong 


+ 


* . 
. 


| 


X — — 
From 1 to 10000. 


878/3742 
87912-944236 


886 fz. 947679 
887 [2.948158 
888 [2.948657 
889 [2.949146 
890 [2.949633 
891 [2.950121 
892 [2.950608 
893 [2.951095 
894 [2-951 580 
895 [2.952066 
89 [2.952550 
897 87175 
898 2.95351 

899 2. 954001 
9002.954484 
901 [2.954966 
902 2.955447 
903 [2.955928 
904 [2.956409 
905 [2.956888 
906 [2.957368 
997 [2-957 847 
9:8 [2.958225 
909 [2.958803 
910 z. 959280 
9112.959757 
912 [2.960233 
973 2.960708 
914 [2.951184 
915 [2.961658 


WT 
2.94180 


2:942801 
2.943297 


2+943791 [2+ 
2.944285 [2+ 
2.944779 f · 


2.945272 
2.945764 
2.946256 
2.946747 
2.947238 


2.947728 


2.948217 
2.948706 


2949195 [2 


2094968} 
2.950170 
2.950657 
2.95114} 


2.951629. 


2.952114 
2.952599 
2.95308; 
2.953566 
2.954049 
2.954532 
2.955014 
2.955495 
2.955976 
2.956457 
2.956936 
2.957417 
2.957894 
2.958373 
2.958850 
2.959328 
2.959804 


2.960208 


2.9607 56 
2.961231 
2.961706 


2.942306 


2.94285x [2+942900 
2.943 346]-943396 


2.945321 [2-945370 
2.945813 2.94 5862 


2.9407 96 [2.946845 
2.947287 [2.947336 
2.947777 (2-947826 ff. 
2.948266[2.948315 
2.94887 52. 948804 | 
2.949292 
2.94973 112.949780 [2+ 


2.955131 z. 953180. 
2.953615. 953663 


2. 9545802. 954628 |. 
2. 955062 [z. 955110 [2+ 
2.955543 z. 955591 
2.956024 [2.956072 
2.955505 [2.956553 
2.956984 (2.957032 [2 
2.957464 f. 957511 
2.957942 [2.957 990 
2.958420[2.958468 |. 
2.958898 [2.958946 fz. 
2.959375 [2.959423 
955852 12.95 9900[2. 
2.960328 z. 960376 lz. 
2.960804 [2.960851 
2. 961279 h. 9613 26 fz. 


2. 962 180g. 062227 


2.9617 53 [2.961801 |2. 
[2-96227 52. 
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* 
2 


916 2,962 132 
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Table of Logarithms  __ 


Num. 
— 

| 57712 
918 


919 
020 
921 


1922 


923 

974 
925 
926 
927 

929 
930 


2) - 


2.963315 
2.963788 
[2.964260 
2.964731 
2.955252 
2.965672 
2.966142 
2.966611 
2.967 080 
2.967548 
2 968016 
2.968483 
2.968950 
2.969416 
2.969882 
2.979347 
2.970812 


2.971276 


2.971740 
2.97220} 


) | 2.972666 


2.973128 
2.973 590 
2.974051 
2.974512 
2.974972 
2.975432 


5 | 2.97 5891 


2.976350 
2.97*Rc 8 


| 2+ 97 72.66 


2.977724 
2.978180 
2.978637 
2.97909 
2.979548 
2.930002 


2.965 263 
2.963835 
2.964307 
2.964778 
2.965249 
2.965719 
2.966189 
2.966658 
2.967 12.7 
2.967 595 
2.968062 
2.968530 
2. 968996 
2.969462 
2.969928 
2.970392 
2-970858 
2.971322 
2.97 1786 
2.972249 
2.972712 
2.973174 


2. 974097 
2.974558 
2.97 5018 
2.97 5478 
2.975937 


2 


75567464 
12.962937 
2.963410 
2.963882 
2.964354 
2.964825 
2.965296 
2.965766 
2.966236 
2.966705 


2.907173 
2.967642 
2.968109 
2.968576 
2.969043 
2.969509 
2.96997 5 
2.97 0440 
2.970904 
2.97 1369 
. —.— 
2.972295 
2.972758 
2.973220 
24973636 2.973682 
2 974143 
2.974604 
2.97 5064 
2.975524 
2.97 598; 


2.976396 
2.976854} 


2.478226 
2.97858} 
2.979138 
2.979594 


2.080049 [2- 
2.980458 f. 980503 
2.9809 1242+980957 [2- 
2.981365. 9814T1 


2.976442 
2.97 6900 
2 977312 (2-977358 
2.977769 2.977813 
2.978272 
2.978728 
2.979184 


| 


4 12-9801 40[2-9801 


e 
2. 96251102. 9625 59 
2.962985, · 967032 
2.963457] 
2,963 92912+963977 


2.9 487212.964919 
2.265343j2+965 350 
2.965813|2.965860 
2.966283[2-966329 
2.9667 5 20. 966798 
2.967220. 967267 
2.967688 f. 967735 
2.9681 56. 968203 
2.968623 2 
2. go gogo. 969136 

2-969 5 56]2.969602 
2+ 97002 1E. 970068 
2.970486P--970533 
2.970951. 97 0997 
2.97141 5. 97 1461 


| 


2.972 3422.97 2586 
2.97 2804[2.972851 
2.973265,2.973313 
2.97 3720124973774 
2.97 4189]2497 4235 
2.974650[2.974696 
2.975Iroſ2.97 5156 
2497 5570]2.97 5616 
2.97602y[2.97607 5 
2.976487[2.976533 


2.976946[2.97 6991] 40 


2.977403 f. 977449 
2.97786 f. 977906 
2.978317. 978363 
2 +9787 74124978819 
2.97 923 ·.. 79275 
2.979685 . 


2.980594 ·f· 980640 
2.981048 f. 981 095 
2.981501 ·. 981547 


2.971870 E. 97 1025) 40. 


46 
46 


2.981819] 981864 
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2.991226 


2.991669 
2.99 2111 
2.992553 
2.992995 
2.993436 
2.993877 
2.994317 


2.995196 
2.995535 
2.996074 


1.996512 


2. 996949 
2.997386 


2.997823 
2.998695 


2.994757 


2 


1 


2.991270 


2.991713 
2.992156 
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289.334195]9 98963 7!9-3445 5310.55 5442[10.01036:[10.665804j 
299-3347 2 9896ogl9-345157]10.654843[10-0103 gc $10.665233] 
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39.348240 9.98892 79.3 593 13010, 640687 — 44 to 65170 2 
1419-3 48792 9. 9888989. 3 59893 10.640106 10.0110 ff0. 65 1208] & 
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9.351540 9.9887 5309.362787 10.6372 1310 011245 f. 84 59 1 
9.2 52088 9.988724[9.363364110.636636 1.11276 I0.6g7g12] © 


/ 


j9 
60 


Tang. Idecant. 
| 


i 


/ 


775 A Table of Artificial Sines, © 


— — 


13 Deg rech. 


* 95.77.88 5.5887 
1 p.332625/9.9 Refs 363940 
| 29-3537 119.98866 
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988222. 373064[19-02093 $[10,011777 
9881 9319-373 62910-62637 1[10,011807 
.988163[9-374193[10.625807]10,011837 
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I0.013766]10.60582113; 
10.013798j10.6053 27] 
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10.01; $95110.603855 


I 1110.013928 Iv 603359] 
10 2883800 96 fro. 602863]; 
; 


to. or 993110.60237 
I0.014025}10.60188g}1 


ro. o 1405810 60140 


- | Secants|: 


| i of 


75 Degrees. 


« 


#4244 an” 


kk I 


* d — U—ñ— 


N 


958680587977 
399088. 98590 


55. 40103 5· 985778. 415257. 584745 
300.401 520. 9857 4519-41 577 fo. 584225 
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770. I0.016230/10.571283 
3519-42917 08.98373 5445435/ 0.554855 ore yo 
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457019110. 542g981]10.017122 
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2110, 54965517 


8 10.549 225⁰ 


to. 530720 0. 01807610 7487 96135 
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10.5292 24/10.018188/10, 547 5125? 
10. 528859 100 820 | T 


3 
35 


10. 54708f 


— 


9.45224219.981734þ9.471605|10 22820 10 
— . = 528295 — to 8888 
N . 
* | 5 8 - 
Sine. Tang, . Secant. E 
. . — 


* 
/ 


— 
- 


-- 


* 
» - — 


/ . 3 
* 2 ** . —_— 
— — — 
8 + we aa” . * " W * « 8. — * 4 5 
" | * 1 * 
12 8 ang s. 
* - 1 önnen. 
# ; . ; * 
» KY * © 


** 


- 
*2 
* 


: = 


15 


_ 


— 
„ 8 
9 
— 2 . 
| ll 
min ——_—_ 


> 


1 6. Degrees. 


$a 
i | 
TS" | Secant 
, + . * Fi 4 Tang. 1 | | a 0 
* 9 


— 0 anodic —U—ü——b , 
1 


8 ue —— 2 « 


| 


$81737019-471605 10-FZB795/10.61826; 
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8488ʃt0. 5441 


10. 5436 
10.543261 
10. 542878 


3 


2 


} 
z 


8136 15.478221 18.523777 1009 
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998120 9.4780 5910. 521941 10. 01821 


46.479088 
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to. 539892 
10. 53947 
10.539054 


—23—2ã — _——_—_— — 
55 *19.98078919.483075{16 51692 5[10.019211 
5619-40427 519.9807 5019.48 5 29110-51647 r[10.019249 
57% 45469419. 9807 1200. 483 982[10-516018]10.019288 
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2 46717 3. 98048 
9.467 185. 980441 


ö ee, 
9. 9803649. 488043 


19-4538 of 9803259. 4838492 
.980286; 


019.46963 719.980247 9.489390 
IC 9. res > 


1. 4 471646 9. . — 
15.472080 9.98001219.20207 492073 15.767977 16.579588 10. 52791445 
619-47 2492[9+979973 
179.4728989 979914 
89.473 30419-97989 5 
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